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FOREWORD | 


The technology of clay and the manufacture of ceramic products there- 
from, and also the clay resources of most of the individual States, is already 
covered by a voluminous literature. The presont resume touches these matters 
only briefly; its purpose is essentially to bring together in‘small compass 
certain of the elementary factors affecting the potential commercial value of a 
clay deposit.. In its preparation the author gratefully acknowledges the work of 
Jefferson Middleton of the Bureau of Mines who for many years has prepared the 
annual chapters:on: clay: for Mineral: Resources ‘of the United States. For careful 
review and constructive’ criticism’ of the manustript, the author is indebted to 
Hewitt year Sage MAO 
oo . asicichit, ‘qeseetenyiar 

The term "clay! includes a. great variety of substances ‘that may @iffer 
widely in chemical, mineralogical,:-and.physical properties. No two clays are ex 
actly alike. -All. of them, -however, - ‘have the profinent: characteristic of becom- 
ing more:or less plastic when wet.: Nearly all-of the useful clays ean be molded 
into articles, - will- hold: their: shape-while being driéd, and can be converted 
into a hard rock-like: substance by’ heat.:: Clay may, and in: fact umlally does, 
consist of a number’ of’ minerals, among the commonest, of which are kaolinite, 
quartz, feldspar, iron’ 6xidés, mica,’ bauxite, calcite, and manganese oxides. 
Organic matter’ is often present; Pure kadlinite, which has the formula Alo Oz. 
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2 5105. <H0, ‘is ordinarily considered to be the sak Hyer! substance," but 
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of ie: and final | density, « and. at. led renperatares may. neRet: chemically with 
the clay Substance, . sat ooe aise 
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The names. of.many. varieties of Siege are. erived eee their: ertactea 
,uses which, in: turn,-are- determined by their physical le dae or -their 
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: The different kinds of. clay. have 80 many uses ‘that. it is probably im- 
possible to list.them.all,. but.the, following rough classification will serve to 
point out the. great. variety of products that. contain. clay: | 

Structural Products. ~' Common: brick; : paving brick? face ‘brick; sewer pip. 
drain tile; holiow block; terra’ cotta; conduits; roofing tile: flue lining and 
chimey pipe; floor and terrace tiles’ Wall and fireplace tile; “brick dust and 


Lr er a a er  , , Sy SD 


.3 - Clay substance is.also regarded.as that part: of ‘clay. which Ta soluble by 
a in: hot ad mea acid in the (so-called) rational analysis. 
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crushed brick; calcined clay (e.g. railroad ballast), and mosaic wall tiles, 
Refractories.- Fire clay. brick and special refractories. 


Pottery, Htc.- Tableware; kitchenware; sanitary ware; stoneware; art or 
garden pottery; flower pots; ollas,. and other porous ware; electrical insulators; 
porcelain specialties, and cast- iron enamelware. — 


isis thea Sask Gaia paint fillers; crayons; paper filling; 
cosmetics: modeling; water softening; taxidermy; fulling cloth; oil. filtering; 
scouring soap; toilet and tooth powders; packing for horses! feet; insecticides; 
chemical . apparatus; condensing worms; ink bottles; ultramarine. manufacture; 
emery wheels. playing marbles; battery cups; pins, stilts and spurs for potters! 
use;. shuttle eyes and thread guides; smoking pipes; umbrella stands; pedestals; 
filter tubes; caster wheels; pumps; pump pimp waoele electrical’ Gaia foot 
rules ;° "plasters alum.’ | oe 
y y 
‘Use as Fillers.- “The extremely finely divided nature of clays and their 
low cost make them of value as adulterants and as mineral fillers for rubber, 


linoleun, ‘odicloth, etc. : Kaolin and certain other white clays” are extensively 
Ochre, an iron-stained clay, is used mainly in linoleum; the pest grades are 
also used in paint and wall coatings. The cheaper clays. find similar uses in 
articles, such as heavy wrapping paper and cardboard, where the color is of 
minor importance. Bowles studied the matter of mineral fillers extensively in 
connection with the possible disposal of waste from slate manufacture, and it 
would seem that. most of the uses. for slate flour could be met by clay.° Clay 
competes with whiting in the manufacture of mechanical rubber goods, rubber 
tubing, friction and rubber tape, putty,. window shades, eto. -Jt.is used in some 
paints, fertilizers, metal polishes, and abrasive soaps, for "rock-dusting" coal 
mines (as a safeguard against explosions) , and for the manufacture of Portland 
cement. It appears to be adapted for use in road asphalt mixtures, plastic 
roofing, flooring, and, in short, for any purpose requiring an inert, extremely 
saad eats material. 


. Weigel” has made a ‘long series of experiments on the white clays or_ 
kaolins of. Georgia and Alabama and has given in detail as far as possible the 
requirements of manufacturers and the. methods employed for determining. the _ 
availability of a given clay for certain purposes. With respect,to. the minor 
filler,uses, however, -he concluded (ibid, p. 33), that the desirable properties 
required in clay as specified by different industries and individual consumers, 
Were quite conflicting. In general, whiteness and freedom from grit are re 
qualities most desired for such filler uses. a 


4 ~ Largely from Ries, H., Clays, their Occurrence, Properties and Dees: 

-. st ed., John Wiley & "Sons, New York, 1906, p. 217. 

5 - Bowles, Oliver, The Technology of Slate. Bull. 218, Bureau of Mines, 

| 1922, pp. 86-107. 

6 ~- Weigal, W. M., Georgia ‘and Aeterna uray? as Fillers. Tech. Paper 343, 
Bureau of Mines, 1925, 35 pp. _ 
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For. the year 1927 the amount of domestic clays sold for filler purposes : 
as reported by miners was as follows: 


2/ 


Consumption of clays for fillers, in short tons 


“Paper Diller s.s<causcacues een? | 296,007 
Paper coating........6- akc et? 3,510 
RUD DON 45450654 eae Mews weelewee | er ac0 
Oilcloth or linoleun.’. Saiaudia ay aite 14,511 
Paint filler or extender. eer 12,084 
Paint Pigment......secccereees e 
Asbestos products. ....ccccccvee | 
Plaster and plaster products... 


COMENG i .0's.4:6-d.ow ee eari wees sheceneNer's 
Kalsomine. ecoeece FE a ee ee ee i 
Crayons.....,...- = 


Total 3)... eves susseees , [24,662 = 

1/ Middleton, J efferson, Clay 4 in 1927, Mineral Resources of the United 

~ States, pt. 2, 1927. | 

2/ Principally fire clays. 

3/ Exclusive of 10,618 tons of kaolin, 436,421 tons of fire clay and 
403,045 tons of other clays (a total of 850,084 tons) listed as 
"unspecified" ‘and sold for blast furnaces, building brick, conduits, 
copper ladles, cosmetics, enamelled brick, dobies, filtering or de- 
colorizing oil, flue lining, flowerpots, hollow building tile, model- 
ing, mortar colors, roofing tile, sewer pipe,. ‘smelters, soap, taxi- 


dermy, toy marbles, a cups, water sakcconil etc.; also black- 
burning clays. F 


- NATURE OF DEPOSITS - 


Clay is always of secondary origin. It peptide from the ieceuposi tion 
of other rocks, notably shales or impure limestones and. igneous. rocks containing 
feldspar. Old metamorphic rocks may weather again to clays. Sometimes the clay 
1s found overlying the rock from which it was derived, and under these circum— 
stances it is termed a "\residual clay.". Residual clays, many of them highly 
impure, are found in many parts of the United States ‘butprincipally east of the 
Mississippi River and south.of New York. .Usually the deposits. of redidual clay 
constitute a broad mantle of considerable area, but. occasionally, .ags when the 
clay results from the decomposition of a pegmatite,. the deposit occurs in 
steeply inclined veins. 


' ”~ 


Sedimentary lays | are . ‘ate. and ‘ee usually bear. no. direct rela— 
tion to the anderivine rock. They'.consist of residual clays. that. have been 
transported by moving waters or of clays formed in the process of being trans— 
ported. According to the nature.of thé water in: which they have been deposited, 
sedimentary clays are variously described as marine, lacustrine (deposited in 
lakes or swamps), and stream. Clays transported by glacial action consist 
principally of boulder clay which may or may not have been stratified locally 


or worked over by streams. Wind-formed deposits or loess also sometimes con- 
Bist of clay. 
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After being deposited, clay beds frequently undergo various changes. 
They may be folded, up-tilted, or even favlted by movements of underlying rocks. 
Erosion likewise introduces various changes; sometimes, for example, a clay bed 
may be found only near the topsof various hilis, the intervening portions of 
the bed having been removed, or again a bed originally covered by later sedi- 
ments may be exposed and thus be workable only in the valleys or the lower 
hillside slopes. : 


PRELIMINARY EXAMINATION ~ 


It may be stated as a general rule that the economic value of a parti- 
cular clay can be determined only by careful laboratory tests or by actual use 
in @ commercial plant. The necessary tests, however, since they are fairly 
elaborate, may involve a considerable expenditure, and such expenditure may not 
appear to be worthwhile until more is learned with regard to the extent and 
degree of uniformity of the deposit. It is often desirable, therefore, to 
obtain a preliminary idea as to the possible usefulness of a clay, and actually | 
& great deal can be learned by means of a few simple tests that can be conductec 
if necessary, in the field. Such preliminary tests. are especially valuable 
from the standpoint of the examining engineer or prospective clay miner for the 
reason that the clay that one operator may reject as unsuitable for his ware or 
plant conditions may be acceptable elsewhere. The suggestions outlined below 
have been culled in large part from various State bulletins; many of them 
apparently were first described in the third report of the West Virginia Geo- 
logical Survey. $n | 


Uniformit 


The usual care should be observed in taking samples in order to make 
certain that they truly represent the bed or beds from which they are taken. 
Homogeneity is a matter of great importance if the clays are to be utilized 
industrially, and if the clay tends to vary in quality'in different parts of 
the deposit that fact should be noted, as it would necessitate careful selec- 
tion and mixing. | | 


Slaking 


A lump of the dry clay should be dropped in the water. Clays that 
Slake or crumble down in a very few minutes are easily tempered; they can be 
rendereé plastic without fine grinding. If several different clays are placed 
on & Coarse screen and immersed, the time required for them to drop. through 
the screen forms a rough measure of their relative slaking properties and possi- 
bly also of their relative bonding strength. According to a statement made by 
Hewitt Wilson’ in a private commnication to the author: . 


"The slaking of the remodeled dry bar (see clay tests of 
American Ceramic Society) ‘is an indication of the bonding 
power, but not when the original structure is used. Fov ex- 
ample, a flint fire clay may resist slaking and be a poor 
bonding material; a sandy clay may fall apart at once; but the 
most plastic and best bonding clays, such as the ball clays, 
will resist for a greater time." 


6121 ) ~ . «6 


Inf .Cir.No. 6155. 


Plasticity 


The moist clay can be worked with tne fingers to determine whether it 
can be molded into a definite shape ond whevner it will retain oe se withou' 
cracking wnen dry. . oo 


Shrinkaze 


A rough brick can eesily be made; and when this. is. Be. r Port idea may 
be obtained of the eae e cr chrinkcge. If the brick cracks. or crumbles or 
if it warps out of shape, tie value of the clay is rather doubtful;: but in orde 
to make a fair test, the clxy should be ground thoroughly, ‘tempered with the 

proper amount of water, anc: dried slowly. It may be possible to use high- -: 
shrinkage’ clays,” such as bell clay, in pottery, terra cotta,..or. earereiey Bodie 
‘but Shey, can not be used alone. . Dee sie Je ties eS 


Color 


'  Firsd color is often said to be the most important property, The. tolor 
of a finished clay product is ordinarily due to iron. Particularly in a clay 
containing organic matter, ‘this color may.not be apparent in the raw clay. Re 
clays will usually burn red, but blue, gray, and even quite light-colored clays 
may also burn to red or to various buff or brown shades. .A pure white clay 
will not burn red. Unless clays are reasonably pure, they are likely to be 
distinctly gray, cream, or otherwise colored when wet, even though to the un- 
trained eye they may look perfectly white, when dry. A emall lump: of clay may 
be roasted in a gas stove, a gasoline torch, or blacksmita's forge, with free 
access of air (never in a smoky flame), and ten cooled. If it. turns red or 
brown, the nercentage of iron is high, prob2ciy more than 4 per cent. Unless 
carefully conducted, this test may not be conclusive, for the reason that with 
some clays a full firing temperature must be reached before the final color wi 
be developed. | | : 


1a 8 
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: a a in - . . Fir eness 


Sand may be ‘detected by. erit against. ‘tHe teeth, and the percentage of 
‘sand present may be roughly estimated by this simple test. By repeated stirri 
and decantation in a tin cup or gldss beaker, the clay can be floated off in 
suspension, leaving the sand'and grit. Fineness of grain may have an effect 
upon fusibility and in filler clays is of much oe 


Soluble Salts \ \.; 
. White coatings or efflorescence may. be jhoted on- the. outcrop, especiall 
where the clay is partly protected from, the weather, as in a steep bank. By 


tasting the clay, bitter salts such as alum. or epsom salts may be detected. T 
presence of soluble salts is apt to cause white wash coats on finished ware. 
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. _* Lime 
High ee of” fine may’ rain a | clay. A few pon ‘of dese Ahydro- 
chloric acid.will cause effefvescence or Bubbling. if. carbonatas of T{me® or. 
. dolomite are present: ©.Grave} ‘and small fragments - ‘of. rock, “if. present, ‘in any 
quantity, should also “be tested in this. way. Tf. they..consist, of wedi t they 
. ordinarily should be removed; otherwise they often may be arti in a Sh ca A ‘and 
eee toa smaller size. | | Zi , : 


: Hodules. ‘and. Boi netions: 


; ‘Iron, manganese, and: Lime all ‘form concre “Agnary masses in highly 
weathered cla: » not mcormdnly following lires cf stratification. Lumps of 


' . pyrite or nocvles of chert occur in many depozits, .The. possible presence of 


such foreign mtericl showld be seventageies .and. one. should. note Whether it 
can be readily eliminated in panes 


LABORATORY TESTS ca. digi 


. The,standards or. tentative standards of. the ieeiens Ceramic Society” 
have been. followed in most! of the State geologists! reports on clays. Chemical 
analysis gives but little information with regard to phyrical properties and 
When physical tests of clay bodies are not satisfactory tne chemical analysis 
- serves to indicate the nature of the meee, and the proper remedy. therefor. 

According to Wilson: 7 _ 5° hee a. 3 


of... . | ,"Chemical- analysis iorowiace its most effective ‘usefulness, 
: “dn. the case of hizt-grede clays, in estimating the degree of 
1 -.purhty of the white-burning, aol dre. tike meteriais and the . 
| - alpmina~silica- flux ratio in the fire clays, but in the case 
.of the red and brewn-burcning etructural-ware clays, the impuri- 7 
. ties furnish the most important data. We can but guess the — 


ne Dba sh ) “ fired color, strorgth, skrirkage, porosity, and vitrification 
‘3 m7 .+ Yange from the ana..ytical data and for these properties, must 


ee Ae bie Tely. on Practical firing tests. Ww 


The weight of the sample collected in. the. field is usually about 50 
‘pounds. In the laboratory the entire sample is usually crushed-and passed 
-. through relts.9 To thé 20-mesh material ‘sufficient water is-then ‘added -to 


-. permit the mixture to. ‘be worked into a plastic condition. After ‘thoroughly 


-working.. (wedging) the plastic mass, it may be covered with wet sack! ng and 


is Seasoned for at least 24 hours; then 1 may be made up into test pisces. These 


7 we See report of the Countttes on. Standards, deer ican Ceramic Society. 
Reprint from Yearbooi, 1921-1922, Ohio State University, Columbus, Ohio. 
-- Also Jour. Am. Ceram, Soc., vol. 11, June, 1928, pp. 442-447. — 
8 - Wilson, Hewitt, Ceramics; Clay aa cache let, e@d.,. McGraw-Hill Book Co., 
" Inc., New York, 1927, pp.-45—46. . tie BE 
9 - Ref. cited, footnote Cee ein Lae 
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are usually pressed into molds 1 1/8 inches (30 mm.) square and about 8 to 12 
inches long. Full-length bars may be used for dry transverse strength tests, 
but test pieces for drying and firing data are made by cutting the bars into 
shorter (1 7/8-inch) lengths. After being thoroughly air-dried in the labora- 
tory the test pieces are heated at a highe> temperature for a few hours before 
being placed in an oven and dried at 100°C. to constant weight. They are then 
kept in a desiccator. 


The properties which are investigated in the laboratory are: 1° 


I. General Character: Color, structure, fineness of grain, visible 
objectionable impurities, carbonates (acid test). | 


II. Working Properties: Ease of grinding, grade of plasticity,. tendenc: 
-to laminate, die troubles. 


IIl. Drying Properties: ‘Rapidity of drying, shrinkage, cracking and 
warping, tendency to scum. | 


IV. Burning Properties: Ease of oxidation; porosity at cones 07, 04, 
O2, 1, 3, 5, and 7; hardness at same heat treatments, shrinkage at same heat, 
color, behavior when overfired. 


V. Refractoriness (for fire clays only): Fusion point - load test at 
high temperatures. 


Some of these properties can not be described except in general terms. 
Plasticity, for example, depends in the first place upon producing a mixture 
having the proper working temper. This means that the clay must be mixed with 
enough water to develop its best properties. The degree of plasticity is re- 
ported as poor, fair, or excellent. The determination, however, is based upon 
the judgment and experience of the person who makes the test. A suitable clay, 
properly tempered, will be (1) fluid enough to take any required shape under 
reasonable pressure, (2) solid enough to resist change of form due to its own 
Weight (i.e. not to slump), and (3) sticky enough to cohere and to heal itself 
after being pulled apart but not sticky enough to adhere to the hand or to metz 


. Slaking is determined by mixing equal parts of the dry clay and potter 
flint, and molding the mixture into l-inch cubes which are dried first at room 
temperature and then at 105%C. The cube after cooling is submerged on a four— 
mesh screen, and a note is made of the time required for it to disintegrate 
sufficizntly to fall through the screen. The-stronger clays tale a longer tim: 
to disintecrate so this test indicates bonding strength as well as eee 
difficulties to be encountered in practical operations. °° 


10 - Staley, Homer F., Practical Handling of Iowa Clays. Iowa State College o: 
Agriculture and Mechanic Arts, Eng. Exp. Sta. Bull. 43, 1916, 48 pp. 
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The Water of Plasticity is the amount required to make the clay plastic. 
Ordinarily a highly plastic clay will require more water than one of low 
plasticity, and a clay that requires a larg: amount-of water is likely to check 
or crack on drying. It should be noted, however, that water of plasticity is of 
two kinds, namely (1) shrinkage water which is that driven off in drying during 
the shrinking period and (2) pore water which is removed by heat at 110°C. after : 
en aaenee. ceases. 


Drying Shrinkage is anion trails because it represents a vendendy to warp . 
and crack. It may often be reduced by mixing with other clay, sand, etc. which. 
frequently may be derived from different beds in the same deposit. The shrinkage 
of fire brick and terra cotta is ordinarily reduced by adding calcined clay or 
ground brick, (grog) and in making whiteware the high shrinkage of ball clay is 
offset by adding ground flint, etc. Extremely sticky. clays: are likely to show 
an excessive air: shrinkage. If necessary they can be preheated or again they 
may be given some special drying treatment after the goods are molded. The — 
market price of the product determines whether such additional operations will 
pay; sama they will: nat. | 


The temperatures to which common clay wares are burned are shown in the 
following table compiled from data contained in a private communication from 
Renton Wilson: 7 


Temperatures to which common clay Wares are burned _ 


Destess 
Product Seger Cone-No. - ‘ Fahrenheit 
| ts approximate 
Common brick.........|.. O12 - OR- 1634 ~- 2030 
_ Buff face brick......} O2- 9 » 2030. - 2390 
Fireproofing......... 03 - 4 1994 ~ 2210 
Terra cotta.........., ‘02 - 8... - 2030 “~ 2354 | 
White earthenware.... B- 9. f . -23654 + 2390 
Fire brick........... 5-15 . 2246 = 2606: - 
Porcelain...... arate 1-18 3. . 2462 '°— 2714: 
Sewer pipe........... a __|- 2030 ~'2318 


In addition to the proper firing temperature, it is often necessary to 
learn the range of vitrification. 


PROCEDURE IN REPORTING TESTS 


The following forms for reports of laboratory tests have been recommended : 
by the Standards Committee of the American Ceramic Society: ell 


ll - Jour, Am. Ceramic Soc., vol. 11, June, 1928, pp. 4e7-4p8. 
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-- Chemical Anal is 
(Form for clay, feldspar, and flint) . | 


Identifying name or number 
Analysis based on material dried at 105°C: 


Ignition loss 4%, P505 (phos. oxide) %. 
Sido (silica) 4%. CaO (lime) , 

Alj03 (alumina) Ds MeO (magnesia 4. 

Fes0, (ferric oxide) %. K50 (potassium oxide) : 
Ti0a (titania) q. tiag0 (sodium oxide)_ b. 


General Clay Test 
(Modified from Form of U. S. Bureau of Mines Station, Seattle, Wash.) 


Identifying name or number 
Type of clay_— ti‘ Geological location _ 
Sampled by tC“ Geographic location ; 


- Original Properties 


Dry color ; Hardness 
Visible impurities : 

Rate of slaking ..-. —- 

Mechanical analysis: Notes: 


Plastic and Dry Properties 


Wet color os General plasticity _ 
Temperature and time of drying: Big key 
Shrinkage water %. _ Pore water__.- 4 
Water of plasticity , Rate of slaking after drying: — 
Dry volume shrinkage (of dry volume): 4%. eae 

Measured linear shrinkage (of dry length) % 

Dry transverse strength (1bs.: per sq. in.) : nae of 

Drying behavior (cracking, warping, scunming): 7 anes, 


Fired Properties 


Cone and rate of firi 
Color . bo 
Volume shrinkage (of dry volume) h. 

Linear total shrinkage (of dry length) %. 


Per cent absorption. .%. 
Apparent porosity : 
Transverse strength (lbs. per sq. in.) 


Firing behavior (cracking, warping, scumming) : 
Pyrometric cone equivalent : 
Best firing range . 


‘Hardness 
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Test of Refractory Clay ...\: . 


Received from. = ————“(itsssstC«‘ Date aoe: 
Identification _ Te Type. of ear 


P.C.E. (A.S.T.M. Serial Deal gation caso) 


Working Se es. 


Water of plasticity . 
Drying shrinkage (by volume). . 
Drying behavior: es , 


". Volume change 


Color 
1000°¢ 
1100 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
ae a . Transverse Strength - . 
Firing Temerature 7 a Pounds per square inch 
_ (average of determination) 

Gréen 1/ 

1000°°: 

ica | oe 

1400 

1500 .. 


a) Dried to 110°. 


= "CLASSIFICATION OF CLAYS | 
The laboratory tests of clays provide information. sufficient to place 
the peek el clay in its proper. place in a te Ea ae oe by 
Parmelee~“which may be. fe-arranged as followe: te ows 


12 - Parmeles. C. Ward; and Schreyer, o Rey Farther. ‘Tnvestigations of 
Illinois Fire Clays. AM, Geol. Survey Bull. 38; 1922, pp. 278-9. 


“t ee es 
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I. Clays burning white or cream colored, not calcareous. 
A. Open-burning clays (i.e. still distinctly porous) at 
— cone 15 (2,606° F.).° 
Uses: If of. good color or of good strength: is used for mn 
pottery. If of good or high degree of refractoriness, _ 
used for various refractories; if also of good color, 
used for special refractories, e.g. pots for melting. 
optical glass. 
1. Low strength. Type: Residual kaolins of North 
Carolina. Sees 
2. Medium and high strength. Type: Secondary xaolins 
.of Florida and Georgia. — . : | 


B. Dense burning (i.e. become nearly or completely non- | 
porous) between cones 10 and 15 (2,426 and 2,606° F.). 
Medium to high strength, medium shrinkage. 

a. Nonrefractory clays: | 
3. Good color. Uses: Pottery, including certain 
whiteware, porcelains, stoneware. 
4. Poor color. Uses: Stoneware, terra cotta, 
abrasive wheels, zinc retorts, face brick, 
| Saggers. : 
b. Refractory clays: . 
5. Good color. Uses: Refractories, especially 
| for glass if they gh not overburn seriously - 
for 5 cones (180 ) higher. 
Also uses stated in 3. 


C. Dense burning between cones 5 and 10 (2,246 to -2,426° RY 
and do not overburn seriously at 5 cones (about 180° F.) 
higher than the temperature at which minimum porosity is, 
reached. 

a. Nonrefractory clays, medium to high strength, 
medium shrinkage: | | 
6. Good color; usually reach minimum porosity be- 
tween cones 5 and 8 (2,246 to 2,3549 F.). Type: 
Ball clays. Uses: Pottery, whiteware, porce- | 
lain, and stoneware. i 
7. Poor color. Uses: Stoneware, terra cotta, 
abrasive wheels, zinc retorts, face brick, 
Sageers. 
b. Refractory clays: 
8. Dense burning at cone 5 (2,246° F.); do not 
_' * seriously overburn for 12 cones (about 432° F.) 
_ higher; hignly porrae sory. ‘softening point 
at cone 31 (3,182° F.) or higher: bonding 
strength minimum 325 pounds per square inch. 
Use: Graphite crucibles for melting brass. 
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9. Dense burning at cone 8 (2, 354° F.) not over 
firing at cones 13 or 14 (2,550°F.). Strength 
and softening point as in 8. 23 
Use:.. Steel crucibles. 
10. Dense burning at cone 8 (2,354° F.) not over 
' firing at cone 15 (8,6069 F.). Binding strength, 
250 pounds per square inch or higher. Softening © 
. . point, cone 29 or higher. Use: Glass pots. 


II, Buff purning clay.. 
A. .Refraetory clays. : 
a. Open burning (5 per Peite se eseits or , at 
cone 15 (2,606° ¥.)-or-above. Indurated. Non- 
plastic or slightly pats (unless weathered) . 
Type: Flint clays. : 
ll. Alumina 40 per cent or less. Use: Refractories. 
12. ‘High alumina (over 40 per cent). Type: ,Dias- 
pore clays. Uses: Refractories, abrasives. 
be. Open burning (5 per cent porosity or more) at 
cone 15 (2,606°F.) but plastic. : 
13. Silica 65 per cent or less. Uses: Fire brick and 
| other refractories, terra cotta, sanitary ware, 
glazed and enamelled brick. 
14. High silica (over 65 per cent). Type: Many New 
Jersey fire clays. Uses: Fire brick and other 
; refractories. __ 
c. Dense burning (porosity under 5 per cent) between 
| cones 10 and 15 (2,426 to 2,c06° F.) 
15. Medium to high strength, not overburning for 
5 cones (about 180° F.) higher than point of 
minimum porosity. Uses: Glass pots, fire 
brick, saggers, and other refractories; 
- architectural terra cotta, sanitary wares 
enamelled and face brick. 
d. Dense burning (porosity under 5 per went) at cone 
10 (2,426° F.) or lower. 
16. See 8 - ) Uses: : Zinc retorts, fire brick, saggers 
17. See 9 ~~ ) and miscellaneous refractories, ar- 
18. See 10 ) chitectural terra cotta, sanitary | 
ware, enameled and face bricks. 


B. Nonrefractory clays. 
a. Open burning (5 per cent porosity or more) at cones 
lower than 10 (2,426° F.). 
19. High or medium strength. Uses: Architectural 
terra cotta, stoneware, yellow ware, face brick, 
Sanitary ware. - 
20. Low gtrength. Use: Brick. 
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b. Dense’ burning (porosity under 5 per cent) at 
cones lower than 10 (2,426° F.). 
21. High or medium strength. Uses: . Architec- 
tural terra cotta, stoneware, abrasive wheels, 
sanitary Ware, face brick, paving brick. 


III. Clays burning red, brown, or other ‘dark colors. 
A. Open burning (do not attain low porosity at any ten- 
perature short of actual fusion). 

ce. Medium or high strength. Uses: Brick, drain 
tile, hollow blocks, flower pote pencil clays, 
ballast. i 

‘25. Low strength, “User. ‘Briek. 

B. Dense burning clays. 
a. Having a long vitrification range * cones or about 

- 180° F.) 

“A. High or medium strength. Uses: ; conaui ta’ sewer 

; pipe, paving brick, floor tiles.or quarries, 
electrical porcelain, cooking ware, B8ilo. block, 
art ware, face brick, architectural terra cotta, 

' roofing tile... 

25. Low strength. . Uses: . As dust. body in the man 
ufacture of electrical, porcelain, floor tile, 
building brick.. 

‘Des Having ‘a short. vitrification range: 
26. High or medium strength, Uses: Building brick, 
rs face brick, hollow block, flower pots. . 
c. Highly fusible, — a elase at about cone 5 
(2,246° F.}. 
pis Slip clays. 


IV. Clays burning light gray or > light cream. | 
28. Containing calcium or magnesium carbonate or 
both. Never attain low porosity. Very short 
heat range. Use: Common brick. ae 


A.much simpler classification but one’ wnich likewise aust upon the 
color and eek ( Selllaieial tie ane oe the fired product is that pro- 
posed Bans, 7 


NotieRelature i teen and Shales 


A. Refractory (soften above 1,500° Cs). 
(1) Burn white or cream color, e.g, some 
pipe clays, china clays. 
(2) Burn gray, boff, or red. 


13 ~- Mellor, J. W., Clay and Pottery Industries. C. Griffin & Co., Ltd., 
London, 1914, p. 195. _| 
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(a) Soften above 1,750° C., e.g., fire clays. 
' . (b) Soften between 1,650 to 1,750° C., eeg., 
medium-grade fire clays. 


B. Nonrefractory (soften below 1,500° C.) 

(1) Noncalcareous. . 
(a) Burn cream or white color, e. E., ball 

ane clays and pottery clays. 
(b) Burn buff or red (oxidizing), e.g., 

brick and terra~cotta clays. 

(2) Calcareous (burn pale cream, buff pink, 

and red, 6.g., marls, eeult clays, etc. 


| VARIED TES oF CLAY 


| The principal types of Sage ies been named according to their 
leading uses. Since one variety of clay may be suitable for several purposes 
it may go by two or more names. On the evner hand, the same name may be 
eo to widely different clays. 


Nonsndlatire of this sort is obviously cat Gevastony: but until the 
physical and chemical characteristics of clays are better understood it will 
continue to be employed. In the following brief descriptions the effort is 
made to describe the characteristics of some of the leading types of clay that 
are commonly used for certain purposes and that are accordingly sought by 
manufacturers for such purposes. It should be kept in mind, however, that for 
many uses the peculiar properties inherent in the clays employed can not be 
defined closely. The clay—products indust-y is still conducted largely on an 
empirical basis, and the proper clay can often be found only by the costly 
processes of trial and error. 


China clay is a commercial name for kaolin. Proposals have been made 
to call the crude material kaolin and that prepared for market china clay. 
Kaolin, since it rarely occurs naturally in deposits of sufficient purity, is 
usually obtained by washing cut more or less accompanying sand, mica, and 
other impurities. It burns white, is highly refractory but not particularly 
plastic, and is the chief constituent of chinaware and porcelain. <A distinc- 
tion is often made between residual kaolins and secondary or transported 
kaolins. The latter are usually st stronger but have higher shrinkage and the 
color may not be so good: They are fine grained and more plastic than res}- 
dual kaolins but lack the bonding strength of ball clays. Stull and Bole! 
Separate kaolins according to their structure and other propertigs into flint 
clays (resembling in many respects flint fire clays, hard clays, semihard 
reste soft clays, and bauxitic clays (g¢rading into bauxite). According to 
Riest 


14 ~ Stall, R T, and Bole, G. A.; Beneficiation and Utilization of Georgia 
Clays. -Bull. 252, Bureau of Mines, 1926, p. 10. 
15 ~ Ries, H., Clays, their Occurrence, Properties and Uses. 3rd. eds, John 
“Wiley & Sons, 1927, PP. 910. : . 
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"Kaolins are known to have been formed by weathering 
from a variety of rocks, as pegmatites (North Carolina), 
limestone (Pennsylvania), schist (Pennsylvania), shale 
(Virginia), feldspathic quartzite (Connecticnt), granite 
(Cornw2ll, England), syenite amit! porphyry (Halle, 
Germany) , etc." 


Residual kaolins from North Carolina are used ere in the manufacture 
of whiteware, including chinaware and porcelain, floor tile, wall tile, and 
electrical porcelain and semiporcelain. The eream—-colored sedimentary clays of 
South Carolina are erployed as fillers in certain cheap. textiles, cardboard, 
and paper; in the manufacture of colored hardvare porcelain and of certain 
grades of electrical porcelain; in top-printing wal] paper, and in cold water 
paints. These clays are aiso used as fillers in rubber goods and oilcloth and 
in the manufacture of certain kinds of patent roofing. The white clays found 
in Georgia and South Carolina are used for the same purposes and also for 
filling print, book, and magazine paper, and white cotton goods; for coating 
paper and cardboard. (occasionally); for coating and top-printing wall paper in 
light shades; and for making white and colored: kalsomines The Florida clays 
are used in whiteware, floor and wall oo and electrical porcelain but are 
not regarded as paper: ia a  e 


Paper clays are largely kaolins. - The color jin the natural dried condi- 
tion is of special importance and the clays must be graded carefully according]; 
A somewhat cheaper grade of clay can be used as filler than in the coating of 
calendered Papen, @ : 

Ball clays are highly plastic atrens clays that burn white or light 
cream. They occur as large masses that may roll around in shipping and. become 
ball-shaped (hence, the name). These clays represent the finest of the pure 
clay substance that remains suspended for the longest time in lakes or swamps. 
Toughness is a characteristic property. They. vitrify (become nonabsorbent) 
between cones 5 and 10 (2,246 to 2,4269 F.). The drying shrinkage is ordinaril; 
less than 10 per cent; modulus of rupture (cross=break test) varies from 200 
to 500 pounds per square. inch, averaging 350; the total shrinkage at cone 10 
varies between 16 and 20 per cent. -The water of plasticity varies between 27 
and 43 per cent, averaging 32.6 per cent.t5: Mixed with china:clay, bali cla;ys 
give the body sufficient plasticity and bonding power. English ball clay,. whic: 
vitrifies at lower temperatures than the. domestic type was formerly used almost 
exclusively in this country, but considerable quantities of ball clay are now 
obtained in the wostern sections of Tennessee and Kentucky and smaller amounts 
are dug in New Jersey. Ball clays are used chiefly in white earthenware and 
porcelain but. are also employed in floor and wall tile, Becevraces ponceter™s 
certain glass refractories, and graphite. crucibles. . 


Slip clays ars fine grained and since they contain a high percentage of 
fluxes melt to a greenish or brown glass at low temperatures (preferably below 
By 46" F. or cone 5). They, should be free from lumps or concretions and have 


16 - The figures in this paragraph are taken from Parmelee, Ce W., and 
Schroyer, C. R., Further Investigations of Illinois Fire Clays. III. 
Geol, Survey Bull. 38, 1922, pp. 278-417, 
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little drying shrinkage. .Natural clays are usually preferred to artificial 
mixtures. Slip clays may be used for covering articles made of an inferior 
clay in order to inprove the appearance. Te slip clay is mixed with water to 
a creamy consistency forming what is known as a "slip" or slurry and is applied 
to the ware by dipping or spraying. It must be fine enough to remain suspended 
in water indefinitely. The use of slip clays for glazing stoneware is de- 
creasing, as they are being displaced by an artificial white glaze. They are 
now principally employed as binder in ‘the manufacture of artificial abrasives. 


Fire Clays are clays that withstand high temperatures and usually are 
not fusible below about 3,000° F. (cone 27 or 28). The term is used loosely, 
however, and almost all plastic. clays: found below-coal seams whether or not 
they are refractory are likely to be called fire clay. Even true fire clays 
vary widely in all their properties. In an effort to bring order out of this 
chaos, the American.Society for Testing Materials (Standard C 27-20) disting- 
uishes: (1) High heat.duty fire brick (divided according to composition into 
clay fire brick and siliceous-clay fire brick, of which the former has a higher 
pyrometric cone equivalent); (2): intermediate heat duty brick (cone 28); (3) 
moderate heat duty brick (cone 26); and (4) low heat duty brick (cone 19). 


The main use for fire clays is for the manufacture of the different 
shapes of fire brick, but they are also used either alone or mixed with. other 
clays in refractory cements, gas or zinc retorts, furnace or locomotive lin- 
ings, crucibles, coke oven brick, saggers, and other refractory products, and 
in addition considerable quantities are used in the production of floor tiles 

and..sanitary ware, stoneware, terra cotta, conduits, pressed and paving bricks, 
Portland cement, plaster, etc. Fire clays may be residual, put more often the 
commercial deposits are of sedimentary origin. The most important domestic 
sources are formations of Carboniferous age in Ohio, Pennsylvania, Kentucy, 
Indiana, Illinois, Maryland, West Virginia, and Missouri, but fire clays are 
found also in Cretaceous and pertece beds in various parts of the country. 


Flint fire clays receive their name because of their flint-like struc- 
ture -and conchoidal fracture.’ They are not high in silica, in fact they some— 
times contain more alumina than‘:does kaolin, possibly because of the presence 
of diaspore (Missouri) ;. gibbsite (Kentucky), or pholerite. There ‘are both 
plastic fire clays and flint clays. The flint clays have little plasticity but 
are typically highly refractory. Usually they are bonded with plastic fire 
clays, but their own plasticity may often be Improved by grinding in water. 
Like ball clays they have a high fire shrinkage and tend to crack. 


Nodular. fire clay (sometimes called "burley" or. "hurley flint clay") 
consists of aluminous diaspore) or ferruginous: nodules imbedded, in fire clay. 


Refractory bond clays are: ‘vereactory. eiase with strong bonding power. 
They are of value for glass refractories, graphite crucibles, and (to a less— 
extent) for bonding abrasive wheels. .The famous Klingenberg and Gross Almerode 
clays, formerly imported very extensively - ‘from Germany, are of this type. The 
domestic supply now comes chiefly from rnorthwesterm Mississippi: western 


Inf. iro. 6155. 


Tennessee and Kentucky; southern Illinois; near St, Louis, Mo., and Petansith, 
Ohio; and in small amounts from Alabama, New J ersey, and Maryland. 


” Stoneware clays are fairly refractory - often as refractory as those 
used in fire brick - but.at the same time they must become dense at a relatively 
low burning temperature... Plasticity and toughness, low firing range, and good | 
bonding strength combined with low shrinkage are all necessary. These require- 
ments are generally obtained only by mixtures of different clays in proper | 
proportions. Three or four. clays are employed Eu) the mixtures used for chemica! 
stoneware. According to Parmelee and Schroyer: 


Stoneware clays should euek to a cream or light tan color, attaining 
low porosity at 2,246 to 2,3909 F. (between cones 5 and 9). They should not 
yield soluble salts, and concretions, pyrites, coaly particles and other 
impurities if present in apprectable amounts must ordinarily be removed by 
washing. Though the clays vary materially in character, the average properties 

‘are about as follows: Water of plasticity 18 to 37 per cent, average 35 per 

- cent; drying shrinkage from 5 to 13 per cent, averaging 8 per cent; strength 
by cross-breaking test 125 to 400 pounds, averaging about 250 pounds per square 
inch; tensile strength 100 to 300 pounds, averaging 150 pounds per square inch; 
minimum porosity 5 to.10 per cent, and usually developed between cones 5 and 
10;: average burning shrinkage about 8 per cent. Stoneware clays are produced 
principally in Ohio and Illinois and are used not only for stoneware but also 
for yellow ware, art ware, earthenware, and even for terra cotta.. 


Chemical. stoneware clays according to Schurecht?® should have high 
bonding strength, small drying and burning shrinkages, and a rather wide range 
of vitrification. ‘Crushed stoneware scrap is sometimes added to reduce shrink- 
age, and feldspar is added as flux.(in Europe, since the color is not important 
cheaper fluxes such as phonolite, trachyte, porphyry, ‘arid retinite are used 
instead of feldspar). Corundum is added to increase the temperature resistance 
of the Oey Litas glazes may be used. . | 


Sagger-clays are of several types. Saggers are containers in which 
delicate ware is placed in firing and serve as a protection from dirt and gase: 
in the kiln. They need to be fairly refractory but resistance to high tempera: 
' tures is of less importance than ability to.withstand moderate temperatures ov 
and over again. Saggers are generally made from. mixtures of two or more clays 
and grog. As a rule one clay is.an open- burning clay, for refractoriness, and 
the other a good bond clay, for prpenese: | 


Architectural bores cotta. clays: are ‘similar to Seohebess Clays. They 
are ordinarily of good quality. Most manufacturers use semi~fire clays or 


':mixtures of such clays with less pure clay or shale. Good bonding properties 


are required, and Low shrinkage and freedom from warping are desirable, althou 
17 ~ See p. 285 of ref. cited in footnote 16, p. 16... a, 
18 ~ Schurecht, H..G., The Properties of Some Stoneware Clays. Tech. Paper 
238, Bureau of Mines, pees 35 pp. | 
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since the clays are usually mixed with grog (ground burned clay), the final 
shrinkage can be controlled by the manufac‘vrer. Being rarely washed they 
should be reasonably free from impurities; -ven ag nuch as three per cent silica 
coarser than 200-mésh has been considered objectionable, although many good 
bodies contain much higher percentages of sand. Soluble salts should be absent, 
though small quantities, of course, may be’ neutralized with barium chloride, or, 
more commonly, barium carbonate. Red-burning clays are in much less demand than 
those yielding light cream or buff shades, and the latter are likely to be more 
refractory. Since the final color is often applied as a glaze, the exact color 
of the body is not important. High tensile strength is not required in the 
product; some of the clays turn hard and others open and porous. The clay should 
slake readily, forming a workable mass without. delay, and should be strong and 
plastic - without, however, becoming sticky or rubbery. A mixture of two or 
more clays is usually employed. At least one of these clays should burn to a 
porosity. under 10 percent at moderate temperatures (cones 1 to 6 or about 2,102 
to 2,282°.F.) and should not warp or crack in the. drying process, Suitable 
clays are widely distributed, being found in beds of various age-in New Jersey 
(Cretaceous) , Pennsylvania, . Tndiana. Missouri (Carboniferous), and on. the 
Pacifi¢ coast (Tertiary). Hewitt Wilson, in a private. commmnication, states 
that in the Pacific Northwest, tertiary shales are largely used, sometimes mixed 
With Pleistocene clays. 


8 Roofing-tile clays ahoula possess good plasticity and strength when dry. 
The product mst be flat, so that they mst not warp or crack in drying or burn- 
ing. Proper color after firing is important; most of the clays or shales are 
red burning. If unglazed they should fire to a hard dense body. 


9 
Sewer- rpipe. clays, according to Ries: us “should be sufficiently plastic 
to mold in the pipe press, dry and burn without cracking, have. good transverse 
strength when dry, and show freedom from soluble salta, as well as from lumpy 
fusible impurities. The composition should be such as will permit the taking 
of a salt glaze (i.e. siliceous). The pipe may be fired at as low a temperature 
as l, 000° ¢ . (1,8329 F.), or usually appreciably higher." 


‘The raw materials may. be a red-burning vitrifiable shale or clay ora 
mixture of dn impure clay with fire clay. A dark-colored product is generally 
preferred. In the Eastern and Central States sewer-pipe clays are obtained 
chiefly from Carboniferous formations and to a less extent from the Devonian; 
Cretaceous and Tertiary beds of the Coastal Plain are usually unsuitable, though 
in the Rocky Mountains and Black Hills some of the Cretaceous shales have good 
vitrifying qualities. . Pleistocene clays are. used only- to mix with other 
materials. Triassic shales are used in North Carolina. | 


Common brick clays | are mostly red~burning and are dften low grade; even 
calcareous cream-burning material is used where better clays are not to be had. 
Almost any clay that will mold bern ion “ey burn -hard at. a fairly low temperature 
(usually below cone 1 or about 2,100 More plastic clays are required for 
19 - Ref. cited, p. 36, footnote 8, p. 7. 
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stiff—mid than for soft-mud brick. Excessive drying or fire-shrinkage even 

may be reduced by mixing with other clays cr cand (tempering) . Common clays 

are found in every state. Those chiefly employed are of Pleistocene age and 

are found near the surface. Residual clays are utilized in several of the 
southern States..  ‘Shales.are rarely made into common brick. Adobe is a silty 
clay,. usually containing considerable lime, employed for making sun-dried brick. 
‘Loess is a common deposit. of recent age in the Mississippi Valley, eastern 
Washington and northwestern Idaho, and is widely used for bricknaking; it may 
or may not re of Aeolian ie : 


Faco brick calls for liiarpropade ae Whey wey ve (1) red-burning, 
(2) white~burning, or (3) buff-burning. The demand for red-burning clays has 
fallen off, and.as manganese and a few other artificial coloring agents are in- 
creasingly employed, the demand for buff-burning, refractory, or semirefractory 
brick has increased. The physical requirements of face’ brick clay are (1) 
uniform color.in burning, (2) freedom from warping or splitting; (3) absénce of 
soluble salts, and (4) sufficient hardness, ~ and. low absorption whdn burned at 
a low ‘temperature. As face brick is usually! burned quite hard,: the clay should 
have a good range of vitrification; . otherwise there would ‘be z heavy loss in 
deformed brick. wa Re 


Enameled brick are usually made from materials similar to those. ee 
ee buff face brick, but they are covered: ‘with an enamel of the desired color. 
“ Pieepeoet ine and Hollowobriae pings vary dco ine to the locality. 

Common red brick clays are used, sométimes with the addition of a little fire 
clay. Specifications for these products are given in Engineering News, vol. 
47, pe 248. In general, clays used for fireproofing are similar to .those used 
for common face ‘brick and other structural wares. They need only to be a, 
ooene Br TOneey to flow through the die in thinner sections. 

oe sf ‘Paving brick mixtures are ‘similar to those emoloyed for sewer pipe. 
They should mold easily in a stiff-mud machine, be of satisfactory strergth, 
and have a long-firing range. Toughness of the product is the principal re- 
quirement, and the composition and raw properties givo little information as to 
this essential characteristic, Shales, low-grade fire clays, and vitrifiable 
Plastic Clays are all es 


a ‘Fuller's earth: is a stay that has a well~developed — for 
adsorbing basic colors and is suitable for bleaching and refining ‘oil and other 
liquids. Most fuller's sarths contain exceptionally high percentages: of water, 
but chemical analysis is. no criterion of their value, and even their physical 
pee enrenees ponent ane ae prcperutes may vary Widely. — 


Poe Bentonite 4s: a pocutiay clay vary similar in iniabhnadl to certain 
kinds of fuller!s:earth. It. is an alteration product of the weathering of the 
_ glassy particles. of a volcanic ash or.tuff, It appears to be highly colloidal 
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and has a remarkable seed for adsorbing water. 


“Colloidal Clay", as stated by Oliver Bowles in a letter to the author, 
has several different meanings. Some American companies regard it as a 
synonym for bentonite. Other American companies and certain English firms 
apply it to a specially prepared product obtained by deflocculating a high-grade 
clay, settling out all coarse particles, and finally coagulating and collecting 
the material. Colloidal clay is used for the mamfacture of antiphlogistine 
and similar medical preparations, for face creams and other toilet preparations, 
for special paints, and to peptece carbon black in rubber manufacture. 


Bauxite and high a Lumina clays: The aiins ecntent of pure kaolin is 
39.8 per cent, but certain clays contain higher proportions. Bauxite is not a 
Silicate but a hydrate of aluminum and when pure is the ore of aluminum. It 
is employed for refractories and in the electric-furnace production of crystal- 
line oxide of alumimm, which in turn is used both as a refractory and as an 
abrasive. The diaspores of east-central Missouri likewise are not clays, but 
nevertheless are now used extensively for making fire brick which have proved 
to be more refractory than those obtainad: from orernery. 21° clays. 


Shales are clays that have been compressed and possibly heated somewhat 
subsequent to. to deposition, making them more or less stony. They are not plastic 
but exposure to the weather tends to make them more clay~like, and continued 
grinding ordinarily restores their plasticity completely. They are used to a 
large extent in the manufacture of various ceramic epraer ees either wepracene 
or supplementing true clays. 


Bedded clays are soft diay “sch show definite stratification but which 
have not bee been hardened into shales. “they may originate as alluvial clays, 
glacial~lake clays, etc..: ; oY . a 


Boulder clay; as the: name faites: 4s ‘clay containing variable propor- 
tions of stones, gravel, and sand. ere such clays can be utilized 
after washing and screening or crushing. 


Maris are clays:containing considerable proportions of calcium carbonate 
chalk r > : , i. _ : 


Cement clays -~ analysis important, although the range in ratio of 
silica and alumina is considerable. The composition desired will depend, of 
course, upon the nature of the cement rock or limestone with which ‘they are to 
be mixed. 


Polishing and abrasive clays are best exemplified, as a product, by 
Bath brick, which is made from lightly fired fine-grained . Eareceee clay found 


along the tidal flats of the Parrett River in England.. 

ce er SY SAS OR ran NR eR eR aR eee RE 

20 ~- For further information on bentonite, see Davis, C. W., and Vacher, H. C., 
Bentonite; its Properties, Mining, Preparation and Utilization. Tech. 
Paper 438, Bureau of Mines, 1928, 52 pp. 
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Loams are mixtures of clay and sand containing more or less vesetable 
matter. Strong loams are those tnat contain mich sand. The only industrial 
usage of loams is in foundry work. 


MINING METHODS 


Clay is mined mostly in open pits. In the larger operations steam 
shovels are emmloyed, although some ‘of the better qualities of clay, since they 
are likely to occur in relatively thin or irregular beds, can only be worked 
by pick and shovel. Overburden may be stripped by steam shovel or nydreuiick- 
ing at large operations or by means of plows and scrapers or even wheelbarrows 
at smaller properties or where the thickness of cover is small. Occasionally 


-- the stripped material can be used for temporing the clay itself, or the sard, 


- gravel, and boulders can be removed by wesning or screening and can be marketed 
for road construction or concrete purposes. Thick-bedied clays may be mined in 
one or two lifts. With an ordinary steam shovel there is: no advantage in - 
earrying a bank over 18 to 24 feet high, because the upper part: can, not. be dug 
by the shovel but must be shot down. Machines of the i call cam type: aro 
»adapted to areater heights. _ 


Under the peculiar conditions existing at one locality in Florida, 
dredges were first employed, but these have been replaced by pressure pipes, 
which stir up the bottom, and a suction pipo, which carries the slip to the 
washers. Tho country is flat and the ground-vater level is-close to the: sur- 
face, so that ordinary opéen—cut methods would be unsuccessful.’ The clay carries 
sand:and, after being dug by the dredge, is forced throvgh a pipe to‘a series 
of three "sand traps" or classifiers. The suspended clay then passes througn 
@ series of troughs in which most of the remajning impurities settle out. The 
overflow from these troughs | is conducted irito settling vats and is vinally. . 
filter-pressed. The cakes of damp clay from the filter-press ‘are dried -in- sheds 
and then shipped. Except for the small amount lost in the "sand traps," prac- 
tically all the clay is recovered; all the water, sr " which cataract 
Career more or ieee clay, is. returned to the pit.’ | [a 


Gsicueseana mining is occasionally resorted to although it ‘is geldon 
successful if the clays are soft or requiro artificial support, . The shaley 
clays associated with coal beds, however, are frequently mined through shafts 
and drifts. According to Ries ,©2 underground methods are desirable only undor 
certain const One menelye | “ aye ees 
a : th: mining: high-grade clays. : 

B. ue 2; Where ‘there 1s mich overburden as compared with the thickness of 
the clay. 


oe: -~ Bell, Olin G., A Preliminary Report on “the Clays. ‘of Florida. Flas ees 

: - Sufvey, 15th Ann, Ropt., 1922-1923; p. 234. 

22 - - Ries, Heinrich, Clays, Their Occurrences, Proporties : and Uses. Bra ed,, 
John. ee & Sens, dew York, 1906; ‘pe 212. ws he eee cee 


aor a oe a 22 a: 


Inf .Cir.No.6155. 


3. Where there is a strong water-tight roof. Often it is necessary 
to leave about 1 foot of clay above and below to form a roof and a floor. 


4. Where the workings are dry. The presence of water not only intro- 
duces pumping charges but also materially; increases the aera ne and the 


danger of nen: 


De There the output is small or where a, large area, can be opened up by 
several shafts or drifts. 


In the southern Appalachian region kaolin used to be mined by a combina- 
tion of open~pit and underground methods. Large circular shafts 14 to 20 fect 
in diameter were sunk in 4-foot lifts and lined with 4 by’ 6 by 30 inch wooden 
blocks, which were laced together and keyed in placé. The joints were staggered 
as in laying brick. After reaching the bottom of the deposit, which was any- 
where from 40 to 100 feet below the surface, drifts were dug radially outward 
from the shafts for such distance as appeared safe, usually about 10 feet, in 
every direction. The waste was not hoisted but was stowed back into the work 
ings, and arter the.pillars between the drifts had been robbed, the whole area 
was filled with additional waste which was run in from the surface when required. 
Mining then Nec upward on successive horizons until the surface or capping 
was reached. Hydraulic mining hag superseded the older methods. The large 
circular ¢ribbed. shafts are still. sunk, but they are now used for sumps into 
which the surrounding clay is washed by hydraulic jets. The clay-sand=mica 
mixture is raised from the bottom of these shafts Barnes Cane aa is. a 
charged into ones POReSne to the crushing aaa . 


Minin Costs | 


In California” the total costs for openpit oer ordinarily. range be- 
tween 20 cents and $1.50 a ton. For mining alone the approximate figures are 
10 to 20 cents a ton for scraper or power~shovel loading and 20 to 50. cents a 
ton for hand~loading (up to $1 if there is much: hand-sorting).  Tramming out of 
the pit or carriage to a nearby bin costs from.5 to 25 cents a ton, and inci- = - 
dental charges also vary. between 5 and 25 cents a ton. Royalties, where paid, 
range usually from:10 to 25 cents a ton. Underground mining costs naturally 
average higher, but they must be kept down to $1 or less for mining, loading, - 
and sorting. The determining factor in every case is price per ‘ton f.o.bd. cars, 
which is only $1 for certain cheap grades but ranges upward to $5.50, for rarer 
varieties. eo 


23 — Details of this and other methods ees: in clay rer in the South are 
given by Watts, A..S., Mining and Treatment of Feldspar ‘and Kaolin in — 
Southern Appalachian Region. Bull. 53, Bureau of Mines, 1913, 170 pp. 

24 - Stuckey, Jasper L.,:The Kaolins and Kaolin Production of North Carolina. 

7 Ceramic Age, Sept.,: 1928, p. 88.’ 

25 - Dietrich, W. F., The Clay Resources and the Ceramic Industry of California. 

Bull. 99, Calif. State Mining Bureau, 1928, p. 2l. 
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PREPARATION OF CLAY 


The preparation of a marketable proiuct begins at the mine or pit. The 
impurities in clay characteristically run in streaks or beds and hence in mining 
need not be mixed with the clay itself. Except under unusual circumstances onl) 
the more expensive and better qualities of. clay are worth beneficiating. Usual! 
a little hand-picking or screening represents all the expense that can be borne 
by the material. Only kaolin is washed extensively, although the better kinds 
of fire clays, glass pot, and ball clays, and, under BaCcEe phe. phere merce 
cheaper clays are also washed gceaeronel Ay: 


In any washing process. the purpose is to got the clay Ateelf into sus- 
pension and to separate it from the sand, small stones, or other: foreign matter 
that may be present. This operation is. facilitated: by a method of mining, such 
-as hydraulicking or dredging, that will break up the clay balls.. Continued . 
soaking under water in a pit softens certain Clays satisfactorily. Many. clays | 
can be partly disintegrated by. exposure to the weather and then the dried _ | 
material may be crushed in rolls ‘preparatory to mixing it with water. A log- 
washer or Sinilar device, however,- As. ordinarily necessary. In one type of cla 
cleaner the material is mixed inte a paste with water and then pressed against 
a perforated plate. having holes about one~-sixteenth inch in diameter. Another 
clay-washer, is merely a tank equipped with a stirring device; the clay overflow 
from the tank in-the form of a thick slip or slurry while the stones and other 
heavy matter remain at the botton,’ whence they are periodically removed. 


ae Details of washing methods Soplieabie to high-grade clay have been. 
described in tulletins of the Bureau of Mines.“© Common practice. is to blunge 
the clay thoroughly in a rectangular blunger 10 feet long 4 feet wide and 4 fee 
deep; this trcvatment produces a slip, which is led through narrow troughs in | 
order to settle out the coarser sand. Fine sand and mica are removed in the — 
"mica troughs." The slip is then passed through a 100—mesh or. finer screen and 

run into thickening tanks, after which it is filter-pressed. The filter cakes, 
Rpeerierter i perhaps 25 per cent of water, are then dried (usually by. exhaust 
steam or in open-air sheds) and finally crushed inta small pieces by means of 
corrugated rolis. The preparation of a fluid slip. with a minimum amount of 
water is favored by the addition of aie or other suitable alkaline: substance. 
According 6 Bleininger:©7 


26 - Watts, x S., Mining and Treatment of Feldspar and Kaolin in the Southern 
Appalachian Region. Bull. 52, Bureau of Mines, 1913, 170 pp.. 7 . 
Stull, R. T., and Bole, .G. A. Benéficiation and Utilization of Georgia 
Clay. Bull. 252, Bureau of Mines, 1926, 72 pp. - - 

Sproat, I. E., Refining and Utilizatign. of Georgia Bool ints: Bull. 128, 
Bureau of Mines, 1916, 59 pp. 

2? - Bleininger, A. V., Use of Sodium Salts in pueieieation: ‘of Clays and in 
the Casting Process. Tech. nae 51, Bureau of Standards, Sept. 25, 
nies Pe 38. “ 
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"The washing of kaolinitic clavs may be decidedly improved 
as far as the quality of the product is concerned by adding to the 
water in the blunger a definite small amount of caustic soda or 
a mixture of caustic soda and sodiwn silicate. This treatment 
improves the color of most clays, enriches their content in clay 
Substance, decreases the drying shrinkage, but tends to increase 
' the burning shrinkage." 


“The Dorr classifior, especially the bowl classifier, has been introduced 
successfully for washing clay. 


Drying is usually on steam pipe racks but later installations include 
rotary dryers, spray dryers, steam-heated drum dryers (in which the slip is 
Spattered or sprayed onto a revolving dram), and car tunnel dryers. 


SIZING 


Many clays are broken up into extremely minute particles after thorough 
blunging but this is. not true of all clays. Moreover, sand, mica, and mumerous 
impurities that may be present are not decomposed by agitation with water, and 
often they are not completely broken up even by grinding with water in a ball or 
pebble mill. For use in fillers the grain ordinarily should be so fine that only 
& small fraction of 1 per cent would remain on a 325—mesh, the finest screen 
Which is commonly available for testing. Most of the particles should be very 
mach finer. In the manufacture of bricks, rcofing tile, terra cotta, drain pine, 
and coarse pottery, the material ordinarily has to pass only 24~mesh when pre- 
pared into slurry, but mims 50~mesh material is necessary for earthenware 
pottery, and for fine chinaware the material should at least pass 80=-mesh. 

Large grains help the ware to resist temperature changes, but they are more like- 
ly to be supplied by adding grog or burnt clay. 


The material separated from a clay deposjt may be classified according 
to size as noneonee 


3 Clay: All grains under 0.01 and not settling in a current of water with 
a velocity of 0.18 millimeters per second (20 mm, head). 


Silt: Grains 0.01 to 0.025 millimeters and not settling in a eases 
of 0.7 millimeters per mecones 


Dust sand: Grains 0.025 to 0.04 millimeters and suspended a stream of 
1.5 millimeters per second. 


Fine sand: Grains 0,04 to 0.33 millimeters. 
Coarse sand: Over 0.33 millimoters. 
“WEATHERING 
The action of the weather on clay is often quite beneficial. The hard- 
est shales can frequently be worked almost as easily as the softest plastic 
clays after they have been Lit ee for a season to mreerIne and eee Even 
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a few hours!’ exposure to the air may be arm Some clays are loosened up 
in the bank and allowed to stand from “4 to “%€ hours, as this tends to dry then 
so that they will absorb water mich more recidly. In northern States brick 
manufacturers have often fcund that tine is saved and better brick are made if 
the clay can be mined in the fall and allowed to weatuer during the winter be- 
fore being used. | 


The precise nature of many of the changes induced by weathering can 
only be surmised, as they have not been fully investizated. These changes are 
_ both chemical and physical. The effect of freezing, of course, is one of 
mechanical disintegration, andi tie natural loss or sain in moisture likewise 
1s largely a physical effect, although the water a]so may both enter into 
Chemical combinations with the clay substance and dissolve out soluble salts. 
Sunlight appears to favor oxidation and therefore has more or less influence. 
Certain clays show remarkable differences in character after even a few hours! 
exposure to the sun and air; others are scarcely affected. There are certain 
clays which actunally become less plastic the longer they are exposed, but as a 
goneral rule weathering increases the plasticity of clays and yet at the same 
time improves. their slaking ee 


Weathering does not have much offect on the firing properties. In some 
cases it may even be hurtful, as it tends to change sulphides tae present) intc 
Sulphates and cause trouble from scurming. Evropear customs favor weathering, 
but in the United States it is usual to do more mechanical preparation, if 
necessary, rather than a the extra Panes Le and euotene expense entailed 
by weathering. } 


SOURT? io OR AGEL 


Clay pastes are often kept metet and cool for 2 considerable time in 
order to distribute the water more wniformly and to improve the homogeneity ani 
working properties. Ageing has a remarkable effect on plasticity, particularly; 
in the case of weakly plastic, artificial pottery bodies containing a large 
amount of nommlestic material such as feldsvar and flint: The aged body is mx 
tougher and smoother, will flow more easily under the tool, and will give less 
cracking. . Tho prolonged contact, moreover, brings about a better. penetration 
of water into indurated grains of shale, fire clay, or clay .balls. 


To be effective, souring must ‘take place in the presende of an ample 
quantity of water, and certain famous pottery manufacturers have aged their cl: 
for several ycars in air-tignt boxes. Since one of the effects of souring 
appears to be cue to the decomposition of organic matter aud the formation of 
dilute acids wiich coagulate the fine grains and thus increase plasticity, age. 
ing may be hastened by the addition of gums, tannin compounds, or humus, Acid 
is sometimes added to the clay directly but, while this may improve the proper. 
ties, it is not usually so satisfactory -- possibly becauss the acid is not 
thoroughly distributed throush the mass. Acid,. however, does neutralize the 
free alkali which prevents any improvement by sourine: hence, the practice of 
adding old vinegar or wine which at one time was common among pottery manufac-— 
turers. Souring is usually conducted at atmospheric temperatures, but some 


28 - Ageing is usually done by the manufacturer or clay products, whereas the 
other means of beneficiating the clay are considered as pertaining to the 
preliminary treatment and fall upon the producer or miner. In practice i- 
is an unimportant process except in the higher types of pottery bodies. 
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authorities recommend temperatures up to about 100° F. as being preferable to 
60°, for example. 


PLASTICITY 


The relative ease with which a clay can be molded or made to flow 
through a die is the measure of its plasticity. Clay falls apart when placed 
in water, and its disintegration, ordinarily termed "slaking," is hastened by 
grinding or stirring, If the amount of water used represents 20 to 30 per cent 
of the weight of the clay, a plastic paste may be produced by proper mixing or 
pugging. If to this paste an equal amount of water'is added, a slip or slurry 
Should be produced. In general the softness of the plastic mass’ ‘varies in pro- 
portion to the amount of water present. 


The sundry phenomena of plasticity are not simple. This property is 
variously ascribed to (a) molecular attraction,(b) surface tension, and (c) 
colloidal conditions, The nature and relative proportion of sandy material 
present and various actions induced by the presence of bacteria or other organ- 
ic matter may be oe eae int tuences.. 


Many of the useful peenereies of clay are sactsstehaittie due to the content 
ef colloidal substances which in paste are usually in the "gel" state and in 
slips are in-the "sol" state. Like gelatine, silicic acid, and the hydrates of 
iron and aluminum, these colloidal substances in clay can undergo hydrolysis, 
osmosis, and adsorption. -They shrink or swell in proportion to their loss or 
gain of water and change from the "gel" to the "sol" form, or vice versa, in the 
presence of positive or negative ions. According to Wilson:29 


"In plastic clay we are dealing with colloidal matter, | 
combined with mimute grains and surrounded by water films * * * *. 
The clay colloid is a reversible one. In neutral or alkaline 
Solutions, the clay particles, between 0.1 micron and 1.0 
millimicron in size,.move independently of each other, cannot 
be seen under the ordinary microscope, and are in the sol or 
dispersed state. In acidic solutions, the sol flocculates, 
precipitates, or coagulates, * * * * , The change of state 
is easily effected with the proper amount of alkali or:acid. 
Likewise, if the mechanical and adsorbed waters are removed 
by drying, the clay may be brought back to the colloidal 
Solution again by the simple addition of water. If the tem- 
perature is raised beyond the dehydration temperature of the 
chemically combined water, however, an irreversible set gol 
condition develops, and the mass loses its ability to become 
plastic again save by processes similar to those by which the 
original parent. igneous. rock was transformed into plastic clay." 


eg ~ See PD. 61: ane 64 of mek cited in footnote 8, p. on 
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Without going further into the intricacies of ‘colloidal chemistry 
it is convenient to consider the plasticity of clay as being due to films of 
viscous fluid matter surrounding inert solid particles, like linseed oil in 
putty. When the clay is dry the colloidal films shrink, and as they grow hard 
and horn-like they. cease to lubricate the solid particles and the clay ceases 
to be plastic.. Un the other hand the addition of water, provided the drying 
has not been carried on at a temperature high enough to remove water that is 
chemically combined (e.g. fi ae) » softens these films, rendering the clay plas 
_ tic again, and when enough is added the clay is in suspension. In certain 
respects the behavior is sinilar to that which ae be expected from particles 
of fine sand coated with glua. 


- There are sticky clays which adhere to any solid matter with wee they 
_ "come “in -contact, but. ‘they can be madé less sticky and more plastic by. partly 
7 iia them or by. mixing ‘them with sand or other inert tatter.” , . 


The plasticity of a clay can be iacetcesel (a) by suitably altering 
the proportion of water, (»b) by better mixing s0 as thoroughly to incorporate 
_ the water into the plastic material, (ce) by removing some of the nonplastic 


_ .., matter (usually making a slip and allowing the sand, etc. to settle out), (a) 

. .. adding an acid or a substance Which, like peat, cellulose extract, atc., will 
. . produce free acid. or “fermentation, | (e) dy: adding colloidal aubetanace such as 
_. Colloidal silica, alumina, iron hydroxide, hot starch, déxtrin, tannin, rubber, 


sumach, caramel, gélatin, gums, .or glycogen,.(f) by adding any Plocculating or 
coagulating agent such as.acids or "sols" of opposite sign, (b) by electrical 
treatment to reverse the electric charge of tre miata, (h) grinding or 
puseing with es ane ae by ageing or sourirg.. 


| ” MANUFACTURE OF CLAY PRODUCTS - 
‘The princigel 'é steps dn the manufacture of. articles ‘trom clay are: 


(a). Preliminary’ treatment of. ran material. 
(bd) Preparation’ of paste. or La of | the proper consistency. 
(c). Shaping articles... | 
(a) Drying...” . | 
Ce) Burning or. + firing. ae 
Mention’ has | already. “been made of various thethods: for the preliminary 
treatment of clay. With regard to the many manufacturing. processes for cerami 
products it ig not the purpose. herein: to go into much detail. A brief outline 
of the general nature. of the principal operations will be. given, however, for 
. the purpose. of. indicating more definitely what properties are requisite in a 


BO - "Colloidal chemistry is the chemistry of bubbles, drops, grains, filament 


and films, because in each of these’ cases at least one dimension of the 
phase is very small." (Bancroft, W. D., Applied colloid chemistry, 1926, 
pe 183. an 

31 - Searle, A. B., The Chemistry and Physics of Clays. Ernest Benn, Ltd., 
London, 1924, PPe 272- e 
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clay in order that it may be suitable for commercial uses. It should be 
recognized that in the case of such bulky products as brick and tile the 
methods of production must be cheap and efricient. Complicated procedures mst 
- be avoided and rarely can a clay be used that requires much preparation or 
careful handling. For higher-grade wares, quality is the determining factor, 
but since most of the pottery manufacturers demand that their raw material be 
delivered to them ready for use without further cleaning or grinding, any 
preparatory operations must ordinarily be performed by the miner. 


‘Preparation of Clay Pastes 


Since the cone tavenes of a clay depends upon the amount of water it con- 
tains, means must be provided to mix the clay (and other ingredients, if any) 
with water to form a homogeneous mass of the requisite plasticity. In the pro- 
duction of high-grade earthenware and china a great deal of care is given to 
the preparation of clay paste. Usually a considerable amount of blending is 
- also necessary, as few clays are suitable alone for producing high-grade ware. 
In addition to one or more clays, frequently quartz, feldspar, etc., are incor- 
porated into the mix. 


Spade mixing is a preliminary treatment in small operations and is the 
oy treatment for making coke and tar mixtures of clay. 


| ‘ing mixes the material with the proper amount of water. One type 

of pug mill. is a horizontal trough having rotating blades; another isa . | 
cylindrical mill. The pug mills are used for some kinds of pottery and re- 
fractory brick, as well as for common brick, tile, terra cotta, and cheaper 
products; but although they produce a fairly good structure, ‘they tend to intro- 
duce air bubbles. 


Tempering is a name applied to any process by which a clay paste is made, 
but, especially in England, the term may be restricted to the use of an edge- | 
runner mill or what is known in this country as a wet—pan pug mill. The wet pan 
is a circular bowl in. which the material is ground, rinsed, and rubbed together 
by means of two or more heavy rotating rollers. It is used for screw Pipe and 
various special bodies. 


The dry pan is found in most clay-working plants, aut ed vig where a 
soft shale or a hard, tough, dry clay has to be disintegrated. In general 
construction it resembles the wet pan, except that the latter, instead of being 
solid, is made up of removable, perforated plates through which the material 
falls as soon, as. it is’ éround fine enough, | 


% ‘Blunging is more of a stirring than a kneading eeneres and results in 
the production of a creamy liquid or slip. Ordinarily the clay and other 
materials are placed in a tank with water and agitated by a mumber of arms 
attached to a revolving shaft. 
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oie : Molding and Shaping 
Articles ‘aré formed from. clay mixed in various proportions with water, 
Bricks, for example, are moldéd as (1): very soft mud, (2) as stiff md, or (3) 
almost dry. Pottery may be molded dy. hand or pressed | into molds by~ hand or 

machine. It may also be turned’ om a'wheel or again it may be (4) diluted with 


enough water to form a slip and then Meastl into plaster molds. 


The soft—md process is the oldest brickmaking | process. “It is adapted 
to more different kinds of. is of. clay than. the other processes, and since the snaping 


. Can be done either by hand or by machine it is still widely used for common 
_ brick, face brick, and hand-pressed terra cotta and tile, Soft-nmd articles ar: 


-3. 


oe ’ pressed into individual | areas ane the. ‘excess iisiia is struck off by a aves) 
/. Scraper, - , 


In the stiff—ma process the. diay 4s tompered with only eee water to 


i _ permit ‘it to flow without rupture. Thus prepared, it is forced through an 


opening or die of suitable shape and size. The auger machine is a. common type; 
it is a closed cylinder which contains blades for mixing and kneading the moist 


., clay and a tapered screw for forcing it through the die. In making brick the 
resulting ribbon is: cut. into the desired length by means of wires. Odd-shaped 


tile and certain xinds of face brick may be cut by hand. ‘Stiff-mmd shaping is 
employed quite generally for making common brick, face brick, fire brick, and 
roofing tile and is almost the only method for making hollow tile, sewer pipe, 


, drain tile, and conduit.- For sewer. pipe, conduit tile, and other large hollow 
.. Wares, a piston press is used instead of. the auger for forcing the clay 


vertically downward through & die or ae a mold. ‘Some’ articles are sehaped 
from stiff mid’ by hana. 3 


In dry-pressing (or semidry pressing) the clay is oie just enough 
0. that, the mass will bind together: when squeezed in a hydraulic, cam, or screw 


. press, rhe press may be filled either by hand or. from a machine and may be 

, operated by hand’ or mechanical power.. It is the principal process for shaping 
 floor’and walt tile and is being taken up by fire brick manufacturers. It may 
‘also be used for common brick and face brick, these cheaper grades have likewis 


been formed first by the soft-mud or the stiff—mud process, partly. kee (usual 


ly for oy a few hours) y and then Repneseee: 


. aif ‘ 


Gaating is the ebocees in which a finely dispersed: mixture of clay sus- 


_.:. pended in'water is poured into:plaster:molds. .4s the plaster absorbs:water fro 


the slip a coating forms against the walls: of. the mold, and when this. ‘coating 
becomes thick enough, the excess slip is poured out... ‘After drying somewhat, 


‘: the object. shrinks away from the mold, which can then be stripped off. A great 
..,deal of pottery is produced in this way, and the method is Pie far the principal 
. one used for ‘shaping sanitary | ware. - aoe 7 


oes , 


All clay products mst be..dried more or less before ties can be fired. 
Depending upon the climate, the value of the product, and other factors (includ 
ing such characteristics of the clay as its behavior in shrinking), the drying 
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may be conducted in the open; tn sheds, or in specially heated rooms or tunnels. 
_In general the ware must not be dried, too repidly at first or it may crack. For 
expensive, delicate articles elaborate means are, often. provided for the close 
control of .time, temperature, - and humidity. Brick may be dried in the open air 
or simply under 2 light roof; occasionally they. are placed! on racks in open. 
sheds. Probably the majority of modern plants, however, have. artificial dryers, 
usually of. the car-tunnel” ie an 


7 oe 


a. - r 2 te | oe oo a ’ = . cee 
: ‘Firing ors per. . - oe S -_ ae ge ie 


“Various kilns are erployed for burning clay products, and common “brick 

‘are often piled up so as to form their own kiln (‘scove. kiln); arched spaces are 
left at the’ bottom for the fire and, the outside layers’ aré laid close and plaster- 
ed with mud to. retain the heat. Most kilns are. intermitterit. in operation, “put 
there £8 a growing tendency to ube. continuous kilns. fired. at:the middle. point, 

the, ware, passing from one end to the other on Slowly moving trucks. ; 


For ordinary brick a finishing temperature of l, 050° C. ds amen 
sufficient, but for vitrified brick the temperature is higher and has to.be con- 
timued for a’ longer period in border that the clay can begin to fuse and thus 
become dense and hard. According to Dietrich:°* "Firing temperatures range 
from 895° C, (1,643° ¥.) for soft-burned common brick to 1,350° C. (2,462° F.) 
for hard porcelain ane fire brick. A few povuees products are fired as anes as 
igen Ce (2, 9840 F.).! ; 


. The final temperatures. ‘must be eeuched: only by ede y stages.” As Sie 

2 the. ware as it comes from the drying.process ::1i11 contains 5 per cent or more 
of moisture which has to be driven off in the kiln. "At a Somewhat more elevated 
: tenperature ths ‘combined water and other volatile matter are: given off. Often a 
considerable amount of oxidation takes place, particularly ‘in clays containing 
atuch ‘iron or organic matter, and these reactions must be completed before the 
wares are heated to a temperature much: above a red heat. Otherwise the ware 
may crack, become eee or develop unsightly spots and discolorations. 


Glaz ing * 


‘s - ~ ‘ e e te ‘ . : eo 


_ Barere applying a glaze or ari : encobe: to dSlicate ’ ware, the body inane be 
given a preliminary (biscuit) firing. Some highly detorated goods ‘are given 
several firings. Whenever possible, however, ‘the | slip ‘containing the ‘glaze 
ingredients is applied tg the geen ware, as’ this Hoth eliminates the necessity 
of more than one firing and results” in a better -bond between the glaze and, the 


32 ~ Dietrich, W. = The Clay Resources and Ceramic Taaatay of California. 
Galit, State Min. Bure, Bull. 99, 1928, aa A? 7 - 


4 
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DOMESTIC -PRODUCTION 


Fifteen million tons or more of clay are ‘produced annually.in the United 
States, but since most manufacturers of clay products mine their own clay the 
quantity of clay sold by producers or mined under royalty in the United States 
in 1927’ amounted to enly 3,849,176 short tons, valued at $13,697,159 or $3.56 
a ton. The unit value of the clay sold, of course, is mich greater than the 
average for all clay mined, as the marketed production consists principally of 
the better grades. The clay of largest quantity and value is fire clay. Fire 
clay also is often made into fire brick and other refractories by the producers |, 
“themselves, but. the bulk of: the domestic-output of kaolin, ball clay, and other | 


\ 


; 


+ expensive varieties. of clay. is-sold by: the ‘producers. Detailed statistics of 
marketed production, (including in addition to: out-and-out sales, clay mined 


under: royalty, and that: shipped ‘into. another State for fabrication) by States, 
by kinds of clay, and by uses have been collected for many years by Jefferson 
Middleton and published by the Bureau of Mines in the annual volumes of 

Mineral Resources of the oe. rere =xom) which the eae average figures 
have been eateulaved: 


“1938-19 a 


Kind Short tons.-| . Value 

FAO. Wiss é- occa irdaw. 583,439 p 3,530,468 
Ball clay.....01.64 104,333 | . 736,769 
Slip clays.cisecive tt: | 7,312 - 38,050 
Fire clay.......6. |" *y anes 2 261, 738’ | 2,565,583 | 7,290,872 
Stoneware clay. coed a om oh a "143, O34 °° 1. - “80,076 172,519 
Miscellaneous clay [L _ 369,019 -- 653,772 | | 1,078,487 

: ~~ ase es 3,736,487 3,794,515 | $12,647,165 


1 Bnet mac eg from annual tigares ee oy a efferson Middleton of seg Purest 
- of Mines, © 


In order of quantity sold the leading five states in 1927 were Pennsyl- 
vania with 23.3 per cent of the total quantity, Missouri with 10.8 per cent,: 
Ohio with 8.4 per cent, New Jersey with 8. 1 per cent, and California with 7.5 
per cent. ‘Almost one-half. of the kdolin comes from Georgias Florida, Pennsyl- 
vania, South Carolina, and a few minor sources: furnish the remainder. The outpu 
of ball clay comes mainly from Tennessee and Kentucky.-" Fire clay is more widely 
distributed. For this kind of clay ‘Pennsylvania-is by far the leading producing 
State, but Missouri, Ohio, Colorado, and California are also relatively import-— 
ant. Stoneware clays are mined chiefly near the pottery. pencere of New Jersey 
‘and Ohio and in Tllinois. a ae 


Statistics siswiee the seis of en — uses are weseaweuiy jneumpieve 
because many clay miners do not know the purpose to which their clay is put.: 
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ucers-“in the United States | ‘in States in 1927; PYUSES « in short tone 


| Bali’ | 
xaolin clay 


ntte-bodied ware made from 


143,472 


white-burning clays..... Te eee | 64, 578 60, 366 : < 
ALE. Pottery: is iciiwres 2 dsewsecS dl) "500 423 | 2,604 
High-grade tile...yeeeererdeer ed 22,790] 29,905]. 75, 71€ 
Chemical stonewaré.....cceseeeed 8976 = = | 8,5]] 
Stoneware......... Giieeeeequawecy | LOB). 78,314 
Enameling... TNE nee eens ceeeeed = 26) © 708) TBA 
‘Paper filler.......... wecnee cee (LGC, SO7f - = | 193, 50€ 
Paper coating..o0:.. saesiog cessed 3,510f - = |. 3,51C 
RUBDETs . ess eeesenceeeceeee ste een 27,428| - + : 30,596 
Oilcloth or linoleum...........4 14,511] - =' 14,5]] 
Paint filler ‘or. extender.......4 12,084) - - | 13, 3%: 
Paint pigment..... iamecieawedeed v. Let... ~oObk BEE 
Architectural terra cotta. ... - OO} 9,538] 105 ,63¢ 
Asbestos products. ..ccccssceceed - 440 579 ee lee 2, Se: 
Plaster and plaster products... 6,224, -~ [£°- 11,491} «=. 21, 7EC 
Slip for glazing . i aaa 2, 2r 
Cement... 0. ee eny leds ee eeeuseens 58,594] - - 59, 81s 
Kalsomine.. oc. cc cece cc ccccnceeed S959 [ > me frets 3, 9E * 
Artificial abradives...c..0f..04 -~ | 776 8,25 ¢ 
CrayonS.....e- eee ; 500}; -- +} BCC 
— Chemicals.....eecsesceccececeeeqd 1,500] - = 1,5¢( 
Pencil leads....c...... ees eke ee ae eens BOC 
_Saggers...... ed homes eaves eceeed 5,804) 15,238) “14, z20| ae a 165 , Qb< 
Pins, stilts, and spurs for’ _ ee a, | 
potters! use.......5-- gia eibtere ; 3OO; --— |{- 6,346 ee fF 6, 64€ 
‘Wads..... PT ee en er lea <= -- | 33,463) -— {| | 33,462 
Gas retorts. c.ccccccsecdeecdeved om | we f° BPs a "BME 
Fire brick and block.. . oo 26,629! --— | ° 921,440} = =: 956 , 364 
YPire—clay mortar...... oe. ee 1,871 426| * 462 ;078| “= "=: 463,375 
Bayxite and high-alumina brick. or mt. -~=- |i 10,409) - - 10, 43° 
‘Glasshouse Pots.....ceceeeeeeoed. He | me [25,184 = =" 25,184 
“Glasshouse supplies, blocks ; tc | 2957 042|-°°° 1,365) - "=" 1,90¢ 
Zinc retorts ‘and’ condengers.... ee Os MY 4° PY) 79 ,2e9° 
Clay crucibles,...... - = -- | 3, 1149 mee 8, Y4C 
* Graphite crucibles ana stoppers - = 108} -' - = aical 10% 
Foundries, steel works, - etce. a BF, ama |: 443,292 - - 65}: 482,104 
pngeece tes Bl cccccccvccccceeed 10,618] 45] 456,421) - - 1136) 402, 864 850,084 


"1454 2451119,763!-2,699, 761: 98,355) 477,0522/ |3,849,17¢ 
i lei on; ‘Jefferson, Clay . in 1927. Mineral poe” of “soe “‘Uaited BEavEre 
“+ 1927, pts 2. | 
‘*2/ Slip clay; axéept 51. tons of miscellaneous sees aaee for: sok Merl epuaaiveas . 
_ 3/ Includes clay for brick (building ‘and paving), chimmey blocks, copper converters, 
“+ cosmetics; decolorizing | 611, flowerpots, flue "lining, ‘furnacés, fuses, hollow 
-"* pudlding’ tile, modeling, retorts, sewer pipe,’ “shoé‘ard stévé: polish, ‘soap pro- 
ducts, taxidermy, toy marbles, wallpaper, arid ‘wAter ‘softénéf! ‘d1so bceliaaiete. 
clay. 
4/ Includes 6,137 tons of slip clay. 
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obtained from a study. of the production figures for clay products. 


A moch better idea of the magnitude of the clay-working industries is 


‘Previous to 


1921 these figures were reported annually by Middleton in Mineral Resources of 


the United States, 
Bureau of the Census, Department of Commerce... 


but in later years they have been collected each year by the 
Examination of these figures 


brings out forcibly the. extent to. which the clay-working industries are depend 


ent upon building construction for their continuance. 


The manufacture:of pottery 


though representing more than one-quarter of the total value of clay products, 
requires but:a small fraction.of the total tonnage of clay anmally consumed in 


the United States. 
other clay products $295, 213, 565, 


a pe 


establish- 
ments 


In 1927, the production of pottery was. sul, 255,441 and of 


; Clay Products Other Than Pottery, and Nonclay. Hefractorics---Production | 
3 and Value, and Stocks on Hand December 2 : 


‘Common brick: 


1925. 


*seeeetee? 


anciudes data for. establishments reporting ainsi 


valued at less than $5,000 


(ton, 2,000 pounds; square, 100 square feet) 


Clay products other than pottery 


Vitrified byfck or r block? 
Yor paving---" 


Face 


1927 


. . * 
*eereeensee@eeee#ee#ee#eee 


Other vitrified belek or 
block--- 


brick: | 


1927 


1925, 


1927, 


. - 
*e eee 


211/. 2,412,903 


7,517, 2111. ; 
.7,561,901] . . 


405,812| 
38] , 684. 
448,492. 


97,588] 
85,896] 
90,609 


2,429,820. 
2,474,690 


pis 2 * «@ 


Thousands 
5|1/1,541,29° 
' 1,393,50¢ 
1,387,775 


i/ 4, 


109, 35¢ 


97,021 


127,40; 


21,19 
23,500: 
21,11 


1/ 737,49 
655,42 
606,93 
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Clay Products Other Than Pottery. and Nonclay Ref ractories---Production by Class, i 
anti ty, and Yalue,~and.§: Ont Hand Decor” ‘r ‘3h "BL, 19275 1926, and 1925. (Cont'd,)- 
= p tinerages, ‘data. ‘fdr. éstablishta:.-3. reporting products ete - . 
- yalued at: less. thta $5, 000) 
“Won, 2 aes bara square, 100 square feet). 


. ci - ; 1 Stocks on ~ 
establish-j- Quantity Value hand 
pf ‘ments | ec. Jl i 


Clay: products StneE than ; 


Rottery---Continued: | | ! a fs 
. : 1 
lerra cotta: _ Tons te ae ong....--: 
1927 oc danse aw ori ; 31 155,932] $16,628,139 "OB, Be 
DIGG ie wise aiais es er i OFA 155 ,564 19,666,880 }........ 27,073. 
L9CS. ownturaGaweddweeelere i - SL 152,441;° ° 19,138,690" ae 19,999 
ollow building tile: .%, @ 2 | a St ies fae te eae 
(a) Partition, load-bearing). a | a ica see or a 


furring,and book tile-- ; 
L927. ccc ceevevesccesecet L/ : 399]/1/ 3,605,519}1 1/ 21,784,658 y 69, 460 


SUA dukolsgisnnsbiniegts  * 3961 3,698,778] - 23,560,571] . . 660, 373 
, LILO at ae saaeeusmtens & < 385{ 3, 818, 985)  25,153,145| 704, 649 
(): Floot-arch, silo,and corn- | . —_ ios) fe 


crib tile: condul te: 


radial chimey blocks; | nee | | | 
fireproofing tile---. | ee a 7 oo 
198i 2s ae sconeatasect 71 608,"90!. - 4,714,722} ° 143,794 
1026s os se ea , 66! 397, 639 4.257,857| 95,053. 
1925... ecco erdenncasins 5A! 405,917!-- -4 111,079 ' 99,227 
nefing tiles’ ~~ et, ale 4 Squares :| °° “’ “Squares 
OO oct s ayiecit es ae 47 366,764, °§,302,248/° 90,191 ... 
he ba deme 44 408,724 7,015,775| 114,903 
DO sees, aceicocacanrenceee 3 289,956|"--° 5,155,301]. 45,023 
Noor tile (plain, witredus. ac Square feet ane ee Square feat 
encaustic, quarry, etc.) ' cc ee ee .* 
"1927, epee: sy, 20,433,581 4,586,319]: 4,640,948 | 
1986. . 0... sese ec cecestee! 65| 24,920,354] - 5,521,965|° 4,120,140 
1626 aussi maces sees eue | 45| 19,243,987 4,361,319]. 4,360,058 
'eramic mosaic tile (vitreous and | Ce Se ale ag * — 
smivitreous, unglazed): | oe 7 
| 192) cv nusaas soeaeanee | 2s| 20,483,678 45475146] 5,193,240 
POO ea Me Geseileansucacanene 19; 22,573,178! 4,865,967] 4,253,988 
1926 os, cen wien ged ' 21|* 20,331,051| ° 4,092,392| 2,933,674 
nameled tile (bright ,dull,matt, 3 a4 ; 
and samimatt finishes, and ae _ 
en aoe ee gS a a as 
1927. ..... gee shat Gata lt _ A 7,085,913 3,356,347 1,484,357 
1926.... sired (3) | | (3) (3) (3) 
10255. .asiaviawet ciweces! 24S) 2° %. Ase ses na) les “(S) 
My ptt Bie Ook. Bo pe ee re a 
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Clay Products Other Than Pottery, and Nonclay Refractories---Production by Class, 


Quantity, and Value, and Stocks on Hand December 31, 1927, 1926, and 1925. (Cont 'd.) 


Includes data for establishments reporting products 
valued at less than $5,000) 
(Ton, 2,000 pounds; square, 100 square feet) 


Clay products other than 
pottery---Continued: 


Faience tile (including hand-deco- 
rated): 


GS 25 ere area err ee eee ee 
Wall tile (white, bright-glazed), 
including trim: 
ye eee 


1927... eee 


Stove lining: 
BS Ad gear nee ae ae oe erevebieus 

POLO rast ccmewesaareblre te 

| Rs clo erere a ae ree a are reer ar 
Flue lining: — i | 
1927. 


M9e a cee 
1927 is ews Gliese 


DIED eG a eresiqins oe haienne-ers jariete 
Fire-clay products: . 


(a) Clay brick, block, or tile; 


boiler and locomotive; 
other refractory-clay 
products--- 

NOR 6 chee ee ars 


6121 


Number of | Stocks on 
establish- | Quantity Value hand 
ments Dec. Sl. 

Square feet Square fect 

| 
32 3,073,545 | $2,419,826 1,097,044 
4/ 3314/ 7,702,558 |4/ 4,794,128/4/ 1,482,151 
4/ 30|/4/ 4,915,525 i4/ 3,294,637/4/ 862,515 
24 wien! 12,503,064, 5,286,151 
26{ 39,009,986! 12,787,359) 2,457,08: 
22| 30,365,838: 10,220,260; 2,309,765 

Tons | Tons 
1/324] 1/ 734,392! 5,511,301{ 1/ 175,24 
301 519,483; 3,858,408 184,345 
335 660,673} 4,960,423 196, 945 
107) 2,115,688} 29,425,913 611,54: 
111 1,994,333; 29,303,094 585,46: 
104 2,138,672 | 50,420, 828 , 669,79: 
| 

21'- 13,646 503,021 6,01: 
20 11,573 272 ,904 3ySt 
21 25,852 656,139 5,16: 
95| 252,019 | 2,851,526 52, 90: 
89 241, 465| 2,857,309 47,90 
63 182,267! 2,480,327 SL7 6) 
57 52,841) 670,505 10,20 
54 56,345: 685,303 9,75 
30 37,124 381,367 6,05 
Thousands | Thousan? 
(9-inch equiv- (9-inch equ 
alent) valent) 
1/ 212] 1/ 863,205)1/34,138,408} 1/ 223,52 
230) 1,007,784} 40,013,394 253,89 
238 990,113| 40,727,576 221,88 


ws TEE me 
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Clay Products Other Than Pottery, and Nonclay Refractories---Production by Class, 
wantity, and Value, and Stocks on Hand Decemrrr 31, 1927, 1926, and 1925. (Cont'd.) 


(Includes data for establishme:..s reporting products 
valued at less than $5,000) 
(Ton, 2,000 pounds; square, 100 square feet) 


Number of Stocks on 
Jeatablish- | Quantity Value hand 
: ments | Dec. 31. 
onaseage ducts other than - | Thousands Thousands 
pottery---Continued: (9-inch equi- ae 9-inch equi- 
| valent) ce valent) 
(b) High~alumina brick (over 
40% A150,)--- Thousands _ 8 
127 eee oe be Raw eae 13 11,351 1,187,096 -  §,537 
DL OLG eiccss tree ncer eee datas 14 - 9,095 978,624 3,277 
MOCO a Sit OOS oes tee 10 . 4,966 436,123 (2,510 
(c) Special shapes--- Tohs ~ : ‘Tt: ‘Tons 
L927 tei estaeeen 37 132,523 2,696,981 41,149 
1926..... Saiiawae be Sarees 40 61,909 1,714,914 17,010 
DO es ectenales arave Caiiniaaaee (2) (2) (2) -- 
Glass—-house tank blocks, “smelting _ 
pots, stoppers, naporerns and 
rings: 7 | _ 
sy ae ee Sates 14 41,147 ‘| 2,310,473 23,647 
DOCG iwasucateveduaed ie (2) (2) (2) -- 
1925s 55 sas ccteiaeeuiente (2) (2) (2) - - - 
Chimey pipe and tops: ee | 
O27 cidistenss sae eiaeis sie egateten 28 7,905 243 ,034 2,510 
LOG oie eter aets piers Se. (2) (2) (2): ~~ 
IOC sda DAW es BOee ee siea os -@) | (2) (2) -- 
Segment blocks: a an 
1 AS aif Re ea re ae : 14 58,989 967 , 422 36,516 
D9 teesucticarsre so aoeiats pees (2) (2) (2) |. -- 
10 2O iiiaiea ewe saw hee sees ‘ (2) (2) (2) -- 
Refractory cement (clay): : : 
1927..... ree ere ices 40 45,609 | 1,241,257 (5) 
LOR 6 Sea gatisvassnncie sissies jute 4 31,816 | 1,328,216 (5) 
1 ae eee ere (6) (6) (6) ae 
Clay sold, raw or prepared: : _ | | 
1927... cece cee <aeeuaes 239 © 482,311 | 2,497,979 (5) 
1926 6 tbceees dest h en's 250 476,020 2,666, 843 (5) 
NOB atin axe dcusaalstae doh shane 240 656,918 | 3,482,236 (5) 
Clay products not elsewhere nt rr: 
classified: 7 
102 eccccsetetsicts seeeethade 65 -- 3,051,189 (5) 
2G sais cen cad oon bn iene 94 -~ 6,581,590 (5) 
1925....... ene eae | 118 -~- | 8,426,249 (5) 
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Clay Products Other otter ar) Nonclay Refractories---Production by Class 
Quantity, and Value, and. “Stocks on on Hand Décember 31,1927 e7, 1926, and 1925. (Cont 'd.) 
(Includes data. for establishments reporting pr products 
valued: at less than $5,000) | 
(Ton, 2,000 pounds; square, 100 square feet) 


— |Numbér of  .  ., | Stocks on 
| _-.« Jestablish- Value hand 
: ag a | ments. Dec 
Clay products other than =: . 
pottery ---Continued:° ° «| 
Nonclay. refractories Thousands Thousands 
Silica brick: Loy BIE peeve Ae Meee ee ee 
1927 ye ec ee cee Seeaes 29 245,881 | $12,756,994. 56, 876 
1926... ccs. e cess ee ene ee ae 266,409 | 13,614,033" 1,114 
eas vies canes iabeh a: 235,877: | 11,280,127 ts) 
Magnesite and chrome bri a) a ae eee me cn ae 
Magnesite brick---. . ie . % 
O27 oi dtissestcs tee eeecaterina eee ‘ 6 i ae 
L926 saississ wa hsced wSulnd a Nw er 7 , Rene eee ee 7: = : 
DOA eis nsceis ne tuarnmaieen ae 7 | '-°18,942-4,.. 3,8%4, 176. 3,642 
Chrome briék--- | >: 16,130 | 4,762,645 2,945 
W927. ceceeesezesesceeeeee] © 4 | |) -Te,202 fT) 3,751,872 (5) 
1926. se ewes eee eeene beau a iss Do. & : 
1925.0 EE 4 po | ae ede 
Refractory cement (magnesite, ate. ure : a feos Mons epee Tons 
: DOO scisieaccude eae acaciee BL]: B9;508-]-- 1,184,122 (5) 
1926 (6s creoneenecaoes Selo. 17 45,788 | *°1,045,468}' (5) 
LOSS owtiis sae wade ere | 9/ 38 7] 78; kee | 2/2,270,276 |. (5) 
Other refractories, including’’ |, i. so eae |: 
silicon-carbide and Daun ve brick “ ee ae ee: ee ee a 
1927 sidan duce loos. Sans k a 2 a 1/5,430,387,: (6) 
5G26 Sen ee et RB] ef 61085, 875 |, (5) 
pkey ee ee a eae eee eee en 8062156 | Ss 


1/ Preliminary figures previously issued have been reviseds:: ..-.... 

2/ Not reported separately; included in "Clay products, not elsevhere classified. tt 

3/ Not reported separately; included in "Faience tile."-:--.-...... 

4/ Includes data for "Enameled tile (including brignt, “duh matt, and: semimatt 
finishes, and glazed ceramic mosaic) ." 

5/ No data for stocks on hand. | 

6/ Not reported separately; included in tet rectory coment Mangoes etc.)t 

?/ Includes ache cement (clay) ." 


e 
ae ee ey ee 
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IMPORTS OF clay AND ‘CLAY PRODUCTS : 


As regards tonnage the Amports of c:  haee sways" pebn deilatively 
small, bit since they have consisted of sbecial kinds “of clay, mostly high in 
orice, they have been extremely significant. ‘The Whiteware, porcelain, sanitary 
Ware, paper, paint and oilcloth industries. formerly relied principally upon 
kaolin or china clay imported from Cornwall, England. : Prior to 1914 comparative- 
ly large and increasing quantities of high-grade plastic fire: clay were imported 
from Germany for use in the manufacture of crucibles, glass pots, abrasives, 
pencil leads, and enameled ware. A little English clay was also employed for 
these purposes, and the ball clay used BU muertcen pOtrete was very largely of 
Inglish origin. 


The effect of the war was to ‘etininate German: dinye and to curtail 
drastically the importation of supplies from Great Britain. After the war prices 
remained high and the situation with respect to.ocean shipping. acted as a further 
deterrent to the resumption of deliveries from overseas. Nevertheless in 1920 
imorts far exceeded those of prewar years, and subsequently the use of foreign 
clays has cuntinued on a hign level. The one exception to this statement is the 
imorts of "common blue and the Gross Almerode glass pot clay" which have de- 
clined, averaging in recent years scarcely one-third the prewar amount. The 
imports under this designation have consisted almost exclusively of refractory 
Clays free from impurities that would color a glass-mix. When the necessity 
arose deposits were opened up in the United States and subsequently domestic clays 
of similar character have been successfully substituted for the German clays by 
nost glassmakers and also to a certain extent by: the manufacturers of crucibles, 
pencils,-enarelware, and abrasives for which this‘class of clay was SEL enaE? 
employed. The use of monerae path clays” one &iso fallen off. 


Kaolin now forms an even poe eex ssedee tees of the total clay imported, 
constituting 86 per cent of the total in 1927.. This clay has always been ob- 
tained almost wholly from Cornwall where are found the largest known deposits 
of white clays. Roughly one-half the exports of Cornish clays are shipped to 
the United States. The "best" West-of-England china clays have a reputation for 
quality superior to.that of clays found elsewhere in the world, except:possibly 
in Bohemia. They have been carefully prepared and the different brands have 
been kept remarkatily uniform year after year, Even the inferior qualities of 
English clay have been carefully graded and almost invariably have maintained a 
uiiform standard. Great Britain .also ‘furnished by far the bulk of the imports of 
Clays other than kaolin. The average value of such clays imported from Great 
Britain is much higher than that of clays imported from other countries - with 
the exception of Germany, which.still furnishes chiefly high-grade clays used 
for glass refractories, though in reduced quantities. In recent years fairly 
substantial imports (16,300 short tons in 1926) of clay have been imported from 
Tugoslavia and Albania, but the value eis ton has been less. ‘than ae aaa 
that of English. or German’ clays. | | ; 


The following table chows” that the importe of sag parti¢ularly those 
of kaolin, are much larger now than they: were before the war. It. Should be 
noted, however, that they have not increased to the same extent as ‘domestic 
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Inf. Cir.No. 6155. 
production, which Gs has sisaaiy: been amt’ — troreasea enormously, kaolin 
in particular having advanced from only 125, 000 or 150,000 short tons before the 
war to 454, 245 short tons in 1927.. 7 


‘Studies made from pine to time by the United States Tariff Commission 
have indicated that much of ‘the unwrought clay under the basket classification 
consists of ball clay, whereas the aaa described ve include pencil 
and. nore sae clays. _ 

Se Sa “During the five-year period, 1909-1913, immediately dail haa: er out- 
break of the Great War, the values of the annual imports. of pottery averaged | 
approximately $10; 000,000 and those of brick, fire brick, tile, ete., a little 
under $225,000. The leading items ware china and porcelain (more particularly 
decorated ware) , the American market for which was supplied mainly by imports 
from Germany, England, France, Japari, and Austria-Hungary (Bohemia). The imports 
of bulky products were confined to occasional shipments. in ballast or déliveries 
from Canadian plants just over the border. @barry tiles and a few other pro- 
ducts of relatively low unit eta mOMeTers were aiaben because of svecial 
quality or pleasing colors es Smee . 2 


The present situation with eeaneee: to eptteay ts not greatly different 
than it was before the war. As regards table ware, $10,000,000 to $12,000,000 
worth of china and porcelain and: $5,000,000 te $7,000,000 worth of earthenware 
are annually imported. While these values are higher than the former averages 
this’ fact probably does not indicate any increase in.the volume of pottery im- 
ported, because prices have increased considerably. In the import trade of tile, 
however, there has been a marked change, impc-ts in recent years amounting 
amually to more than $1,000,000 in value co: several times pre-war. Here again, 
however, the imports consist chiefly of higmgrade ware, mainly glazed wall tile 
such as are used in bathrooms and more recently including also vitrified floor 
tile in greens, blues and blacks. Color.is in demand in modern homes and the 
German colors have proved popular and have been available at competitive prices. 
4n even more marked change has- developed in the imports of brick, Formerly, 
except. for a small over—the-border trade with Canada, the American market for 
structural brick was practically self-contained, imports.in particular being 
almost nil. In 1926 and again in 1927, on the other hand, the imports of bricks 
amounted to approximately 94 , 000 thousand, having a value in the former year of 
$770, 055. To a large extent these imports now come from Belgium and the Nether- 
lands, Shipments from both of these countries consist of common brick, but the 
Dutch brick, because of their color, appeal to some architects and are actually 
used in many cases as face brick. | | 


| | “TARIFF DUTIES | | 
The tariff act of 1922 imposes the following duties (par. 207): 
China clay or kaolin, $2. 50 per long tons: fuller's earth, unwrought and 
unmanufactured, $1.50 per long ton; fuller's earth, wrought or manufactured, 
$3.25 per ‘long ton; bauxite, $1.00 per long ton; clays or earth, unwrought or 
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"“unmanufactured, including common blue clay and Gross-Almerode glass pot clay, 
not specially provided.for, $1.00 per’ ‘ton; er or manufactured, not specially 
provided for, $2.00 per ton. 


' Based upon the average value at the foreign port in 1927, these duties 
Were equivalent.to approximately 29 per cent in ‘the case of kaolin imports, 10 
per cent on’ glass pot clays, 9 per cent on other crude clays, and & per cent On 
unspecified wrought clays (washed or manufactured). .: 


. : Pottery and most other clay products are dutiable under the same act. 
The average duties collected on all imports of pottery recently have been some- 
what more than 60 per cent, the duties on decorated china and porcelain being 

70 per cent. The average duty collected for other dutiaole clay products (con- 
sisting in large part of decorative tile) has been recently approximately 40 

per cent. Brick are mostly free of duty, though under paragraph 1536 a counter- 
vailing duty 1s provided on imports from countries-which levy duties on American 
brick, The amount of duty in such case is equal to that charged upon imports 

of brick into those countries’ from the United States. Duties have. been levied 
upon eae of brick from Canada, Mexico, and eermn ays. 7 


With respect to common blue or Gieeeekmexede clays the act of 1922 

‘ represents a departure from the custom of previous acts. The act of 1883 and 
‘subsequent acts, including the Underwood Act of 1913, specifically provided for 
its free entrance, apparently on the assum:tion that satisfactory substitutes 
“could not be found in this country. China clay, on the other hand, was 
specifically. mentioned in the dutiable lists of the act of 1883" and in all sub- 
sequent..acts. The rate.was $3 per long ton in the acts of 1883 and 1890, $2 
per ton:in the act of 1894, and $2.50 my Pe present rate) in the acts of 1897 
and 1907, and $1. 2Q in the act of 1913. Miscellaneous. clays have’ been dutiable 
for many years. On unwrought or crude clay the duty of $1.50 per’ ton in the 
acts. of 1883 and 1890 was progressively reduccd to $1 in 1894 and’ 50 cents in 
1913 but was increased back to $1 in 1922. The duty on es clay has’ 

- generally been double that on crude. a e 


EXPORTS OF CLAY AND: CLAY PRODUCTS . 


- Kaolin obtained f rom Southern postaciien: mines was at one time ‘sold by. 
the Indians to English. traders and used in the manufacture” of English porcelain’ 
but for many decades little or no domestic kaolin is known to have been, exported 
' while great quantities of English kaolin have been imparted into this. country. 
American fire clays on the other hand have been exported to Canada, Europe, and 
South America. Though representing only a small proportion of the tremendous 
quantities of such clays produced in this country for nome consumption, the 
exports of fire clay, statistics for which have been available since 1915, have 
amounted to a substantial tonnage, ranging in recent years from 40,000 to 50,00 
short tons annually and being valued usually at more than $7 per ton at nort of 
Shipment. Domestic clays of this class are of as eats and the deposits 


"are situated close to the Atlantic seaboara. 


33 = Watts, A. S., Mining and Treatment of Feldspar and Kaolin in Southern 
Appalachian Region. Bull. 53, Bureau of Mines, 1913, pp, 10. 
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Statistics of exports of clays other than fire clay have been published 
since 1915, but they are to a certain extent misleading for the reason that they 
include fullers'! earth and other earthy prcocucts in addition to clays. In 1922 
alittle kaolin (2,091 short tons) was listcd separately, and in other years 
some domestic paper and pipe clays were exported to Canada. Other miscellaneous 
refined clays of domestic origin find a considerable foreign market, being 
shipped not only to Canada, Mexico, and Cuba but also to various European 
countries, Almost .one~third of the total value of these "other clays" exported 
in 1926 was credited to Pacific coast ports, and the unit value of the exports 
from such ports was well over $30 per short ton. The average value of all 
exports was about $50 per ton, indicating a highly refined product such as pre- 
pared clays for use in decolorizing mineral and other oils. Among the manufac- 
tured products exported, the principal items are refractories, electrical por- 
célain, and earthenware plumbing fixtures, but also there is exported a sub- 
stantial amount of: crockery and other earthenware and a very small amount of 
te and porcelain ware, wall and floor tiles, and structural brick and hollow 

le. a . . | . 


MARKETS AND PRICES 


The markets for clay are mainly contractual. Fairly definite price 
figures can-be obtained for dertain kinds of china clays and ball clays, parti- 
cularly the well-known English brands and a few American brands that have a 
Telatively wide market, but for other clays, notably the cheaper clays, the price 
18 governed by agreements between producers and consumers, <As-regards the bulk 
of the output, the clay is not sold as clay, and hence there is no price of 
record, the value of the clay being the cost of mining and haulage to the brick 
mchine or mixer. Since this ccst is often as low as 15 cents and seldom more 
than 25 cents per ton, it is evident that the opportunities for independent 
Miners to sel] Clay to existing brickyards are extremely rare. Except for. some 
Special variety that may be desired for mixing purposes, the cartage alone 
ordinarily would exceed the delivered value, leaving no allowance for mining © 
costs or profit. Common brick clays and clays suitable for making certain other 
heavy products are found in every State, and if suitable clay beds are not 
available in a certain locality it is usually more economical to transport the 
finished product from the nearest existing plant rather than to build a plant 
locally and transport the raw clay. Even fire clays as a class must be sold 
close to the point of origin. | oe 


The best available data as to the prices obtainable for the various 
kinds of domestic clays are provided by the annual reports of producers to the 
Bureau of Mines relative to the total tonnage and value of sales, The value at 
the mine of Clays of similar quality will vary, of course, according to the 
distance from market. The variations due fo differences in freight rates as 
Hage Neos due to differences in quality of the clays themselves are reflected - 
ad] 
ot Part II; these show the tonnage and value of clay sold by producers in 
United States, by States and kinds. Average figures for all States are . 


Shown in the following table: 
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Total sales ana. averag e-values per short ton of various kinds of clay sold b 
* producers in the United States, pre-War 8 and 1919-1927. 7 


Prewar 2/| 2,381, 965 3/$5. 35! $1.81) $3.65] $1.38! 


1919 
1920 
1921 


1922 


1923 
1924 
1925 
1926 
1927 


the import statistics. 


Total 


Zao 
quantities and 
sold, _| Pap 


isha 


lin 


er 


2,275,100] 9.67 
3,116,212] 10.68 
1,716,746] . 9.70 
2,647,700}. 8.51 
3,434,660] 8.69 
3,691,119] 8,95 
4,030,420] 8.77 
3,967,198] 98.73 
3,849,176] 8.40 


Slip | Ball 


C12 


3.41 
4.61 
3,22 


4,79] . 


5.12 
5.20 
5.09 
5232 


Sectl 


a 


8,00 
8.41 


Stone- : 


Fire |ware 
clay _tcla 


1.33 


51,00 Is 


(4) | 218 
2el6 

1/ Compiled from data furnished by J ef ferson eran: Bureau of Mines. 

2/ Five-year averages, 1909-1913. 

3/ Average price of kaolin $7.93, and of paper clay: $3. 56 per short ton. 

4/ Included under "Miscellaneous clay." 


It is possible to calculate the unit values of imported clays as snown — 
The foreign values as reported relate to the value at the 
port of shipment and do not include freight and certain other charges. 


As regards 


most of the import classifications, however, the average value is of no particular 
significance for the reason that so many different kinds of: clay are likely to be 


included under the same import designation. 


Only in the case of china clay do the 


import statistics afford even a rough index of the trond of prices over a period 
For imports of this class the relative proportions of high-grade and 
low-grade clays do not vary markedly from year to year, although even in this 
class, comparisons of present-day averages with pre-war figures may be-misleading | 
because a much larger proportion of the American market for low-grade clays is 
Actually the prices of English china clays 
during the last few years have been little different than they were previous to 
1914. Delivered ex-ship at United States Atlantic ports, Bnglish clays suitable 
for pottery use may be quoted at an average price of ay gee peli $20 per ton, 


of years. 


now supplied from domestic sources. 


including ocean freight which amounts to approximately 


15 s.). 


3.50 per short ton (14 to 


The prices (for English lump) quoted in the trade journals are from $12 


to $21, the range representing differences in quality. As a general rule it may: 


be said that domestic clays have to meet these prices for English clays. 
clays, for example,. were being sold f.o.b. mine in 1928 at $13.50. 


Florida 
After adding | 


the freight amounting to $8 or $9 to consuming market this places them upon a 
competitive footing with English clays, the quotations for which do not include 


duty or the freight from the port of entry to consumer's plant. 


Yor paper clays 


there is a fairly definite dividing line based upon relative costs of transporta— 


tion. 


Manufacturers north of this line, which runs somewhare between Philadelphia 


and New York, mainly use English clays, while those closer to domestic mines in 
the southern States mainly use American clays. 
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There has been a marked improvement in the character of American kaolins, 
The Bureau of Mines and the Bureau of Stani..ds as well as other Federal and 
State agencies have cooperated with the miners in devising better methods of 
beneficiation ani with the potters in working out methods of utilization. Uni- 
form clays are now produced regularly by a number of American mining companies. 
While it has been demonstrated that American clay as a rule can not be substi- 
tuted pound for pound for English clay in a pottery batch mixture, satisfactory 
results are now obtained by using proper biends of American clays. The situation 
is well set forth in the folowing extract from an editorial that appeared in 
The China Clay Trade Review section of the Chemical Age (London) under date of 
July 21, 1928: 


"* * * the fact has to be faced that nowadays, in conse- 
quence of the strides made in the production of American domes- 
tic clays, it is not easy to induce buyers to use British china 
Clays in preference to the domestic article in certain markets, 
parvicularly those within a reasonable distance of the areas of 
production, and especially as regards the cheaper grades.!! 


In order further to improve its product, at least ‘one domestic mining 
company is giving some of its clay a special chemical treatment or bleach, 
thereby making it suitable for Boetene as well as eparene high-grade paper. 


The market prices for clay products: vary widely in aifferent parts of 
the country, depending upon local supply and demand. On May 1, 1928, for example 
common brick: delivered on the job was priced at $26 per tnousand in Holyoke, 
Mass., and at only $12 in Chicago and $12.50 in Los Angeles and Terre Haute. 
Similarly, hollow.clay tile (8 x 12 x 12 in.) was sold on the same date in 
Cleveland at 13 cents and in Trenton at 26 cents each. Prices of front brick 
are largely influenced by the fashion prevailing at the moment. In the New York 
market - during 1928 gray colors proved most popular and hence commanded the best — 
prices. Whereas the best Hudson River common brick delivered on the job was 
worth only $17 to $18.50 rough grays fetched $36 to $43; smooth grays $36 to 
$45; rough buff selection $33 to $38.50; smooth buffs $36 to $42: rough reds 
ag $36; smooth reds $33 to $39; Colonials $29.50 to $42.50; and Court $30 
to $34. 


The decorative possibilities of brick as well as of other. clay products 
have only begun to be appreciated by the public, but already the demand for 
artistic effects has had a profound effect upon the industry. Formerly brick — 
almost never went as far as 100 miles from: the yard in which it was made, but 
recently shipments have been made all the way across the continent. In. one 
case, ‘at least, the freight and drayage amounted to almost double the price of 
the brick. This illustration, of course, represents an extreme case, but it 
serves nevertheless to emphasize the fact that people are more and more willing 
to pay the price in order to obtain brick of pleasing color. or of a shade that 
harmonizes with the popular taste or the fancy of the moment’. a 
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34 
ROYALTIES 


Shales and surface clays are commonly valued in the bank by appraisal 
companies on the basis of 5 cents per ton, occasionally higher. Royalties are 
sometimes figures as high as 25 cents per thousand brick, which is equivalent 
to 8 or 10 cents per ton for the raw clay. For fire clay they range from 6 to 
50 cents per ton, the latter price having been forced, for example, upon an 
existing plant that after exhausting its own deposits would otherwise have had 
to pay heavy freight on far more distant material. For No. 2 fire clays (suit- 
able for ordinary fireproofing, face brick, sewer pipe, and moderate duty fire 
clay products) the usual royalty is 10 cents per ton. In general, typical 
royalties will be as follows: Shales and common clays 5 cents per ton; moderatc- 
duty fire clay 10 cents per ton, and high-grade fire clays 10 to 25 cents per 
ton. : 


ECONOMIC CONSIDERATION 


Quick profits are not to be found in clay mining. With the possible 

: exception of a fortunate discovery of a high-grade kaolin deposit, ro profits 
at all can be made until an expensive plant has been built, and this can not 

be done wisely before a great deal of time and money has been spent on careful 
studies of the deposit and preliminary surveys of potential markets. In some 
respects the production of clay is less speculative than metal mining, but such 
increase as there may be in the safety of capital invested in a well-planned 
operation of this sort is accompanied by an almost complete absence of opportun- 
ity for good luck. The maximum as well as the minimm yield of a clay deposit 
can ordinarily be determined fairly accurately beforehand. It is possible to 
know the extent and nature of the clay, and if the preliminary diagnosis is 
incorrect the result inevitably will be disastrous. A clay~working plant must 
be adapted to the material which it is intended to work and to the available 
labor supply. If the nature of the clay changes, tho existing equipment may 
have to be scrapped and new machinery installed. When the workable clay nearby 
becomes exhausted, the plant is worthless whether it is worn out or not; almost 
never can it be removed to a new location successfully. 


Except for ware made from the finest grades of clay the location of 
clay~products factories is determined by the presence of raw materials. Suit- 
able clays for making most of the bulk products are to be found in all tne 
States and usually in different parts of each State. The market for common 
brick and tile, therefore, must be close at hand: ctherwise the freight rate of 
market will prevent successful competition with more favorably situated estab- 
lishments. A deposit of poor clay neer the market is usually more valuable tha 
a deposit of good clay further away. Fire brick, sewer pipe, pressed brick, 
and stoneware can cften be shipped fairly long distances because they command 
higher prices than common brick and also because the requisite raw materials 


34 - The data under this head were presented by Carey P. Ellis in The Clay 
Worker, June, 1928, p. 567. 
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are not so widely distributed, Common brick can be sold in distant fee 
only when the color is exceptionally, p least ng and popular. Factories producing 
whiteware and. wall tile, products that are sade from mixtures of raw materials 
drawn from widely separated sources, are located where shipping facilities are 
good and fuel and labor easily obtainable. Clays used for making the better 
grades of pottcry and clay products may be: sold to the manufacturers of these 
products, but for most classes of clay wares. the clay miner has. to work UP his 
material. into a finished paoaee peror he can sel] it. ua ee Sas 


Occasionally it mav be necessary - look for a say deposit, but 
ordinarily the problem is to find the market. In growing communities, even in 
most of our largest cities,:clay banks containing material suitable for the 
manufacture of ordinary structural ware lie idle awaiting the vdinvestor, They 
may have been exposed in stream banks or gullies or they may. -have been dis- 
covered in quarries, wells, or railway or highway cuts. . Usually, however, 
before they can be exploited commercially, their nature and extent must be 
carefully determined. After preliminary tests have indicatéd that the clay 
actually is suitable for certain purposes the next step-is to'determine accurate. 
ly the size, extent, and degree of uniformity of the deposit. + Successful com- 
panies often adopt the policy of prospecting their deposits by means of drill 
holes spaced systematically on the corners of .100—foot squares, taking separate 
Samples at every 2 feet. In the case of extremely. thick clay,or where the beds 
are irregular in. thickness or character the spacing of the holes may be 50 feet 
apart or even less. In addition to the holes a fow trenches and one or more 
test pits ought usually to be dug. The individual samples.are tested separately 
and the results are interpreted with a view to possible blending of the clay 
from different: portions of the deposit as weil as to ascertain what- sort of 
mixtures are likely to be made if yo" or more bee: and Perhaps the overburden 
were all menCe MOGCtHEE 2 : . . 

= Too much ‘wutantion can Cooree be eiven: at this” Chase ‘of ‘ths. develep- 
ment to the nature and working properties of the clay. Experience is the only 
safe guide, and the ‘behavior of the clay mst be studied with great care hy 
competent persons and on the basis of samples which truly represent material 
that can be minéd economically, year after year, without substantial change in 
quality. & practical burning test may even lead to unwarranted conclusions. 
The effect of volatile matter given off in burning, for example, may not be 
revealed when only'a small trial piece is placed in a kiln filled with other 
articles. Always, moreover, it should. be remembered that, before spending even 
$25 or $50 for a laboratory test on a sample of clay, one should make certain 
that the sample truly represents:a quantity of clay that, when mixed commerciall 
. Will have ue prcpect tee of the Bele: eveones , 7 


Partiniies stress should be laid upon the fact that clay maine isa 
long-time proposition. Staley, for example, calls attention to the desira- 
bility of purchasing adjoining land (if clay-bearing) at the start in order to 


35 ~ Staley, Homer F., Practical Handling of Iowa Clays: Iowa State College of 
Agriculture and Mechanic Arts, Eng. Exp. Sta. Bull. 43, 1916, 48 pp. 
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guarantee future supplies, because later, when the need for such supplies 
arises, the price of the land will doubtless be muck higher. He also 
emphasizes the importance of cheap digging. Since even a small plant will 
consume | one or two million tons in the course of its: life, a consideratle in- 
‘crease in initial investment is warranted if, as often happens, hand-digging 


costs 15 cents and machine-digging only 5 cents per ton. He has listed the 


following information which should be obtained by tke ane engineer 
during the early stages of nis SAVERY Be unon 


1. Amount of mee of ‘eultable quality pesca 
(a) Average depth of layer of. suitable ality: — 
(b) Extent of the layer. ok 
(c) Weight per cubic foot. 7 
&. Method and’ cost of digging the Clay. | 
(a) Physical ‘character and depth of. clay or clays. 
(bd) Amount. of character :of. overburden. | 
“(¢) Amount and: character of layers Or. nodules of waste. | 
(ad) Drainage. © ‘ | 
68 Most économical site for plan’. with pennect to 
| (a) Delivery of material from pit, ‘and from 
a “(b) Railroad’ spurs. 
a Kinds of ware’ that can be nade and type of’ machinery, 
| | dryer and kilns to. be used.: a 
ae Physical and burning properties of the clay. — 


| In ‘addition to the physical nature of the ey Geoesit and the technic: 
problems connected with its exploitation, there are important practical busines 
considerations to.be faced. In addition to clay, fuel is required in large 
quantities. Formerly as muchas 1 ton of coal was required to fire a thousand 
bricks, Many modern brick plants now require scareely half this amount, but 


... nevertheless the cost and suitability of fuel availablo is a factor of conside: 


able significance. The labor market: also has to:be considered, but the out- 
standing purély economic considerations relato. to., (3. ).. capital considerations 
and (2) market conditions. Under capital charges consideration must be given 
to the ‘cost of land, capital required to build the plant, and working capital 
to finarice early ‘operations and to provide for contingencies, rent, interest, 
taxes, and so on. Under market considerations the determining factor is the 
probable demand for ‘the product at. any price above actual cost ‘of production; 
but this ‘demand mist be examined with respect to probable competition from 
other sources and the cost of production,- selling,.and transportation. That 
each plant must be considered as a separate problem is. indicated by the follov 
ing cost sheets in a pamphlet: published recently a ‘yr! the Common Briciz 
Manufacturers! Association of America: 
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COST OF COMMON BRICK AS REPORTED BY OPERATING YARDS 


MANIUTACTUYOLS 6 ite eras 5 5.0 ete ine wd Seow eee x Y Z 
Brick made this month............sessees. weee 2,325 M  1,072M 3,123 M 
Mining......... eaaecies bees esata toneireanens 065 063 022 
Transporting.......ee- seeneees SS cuere eee haan -- -- 036 
Machining......ssees. - Uanitinieeeiieaeea eae 2.30 | 1.65 1.24 
Drying....... Sieca ier tes Ui teeta Sees ee a - =: okt. Pals) 
Total Making.........6-- arse os ss eis ote 2295 242 2e57 
Betting: nicientcctemiraweeneceeecss  1s027 1.34 90 
Burning ss eeccsecseceetecereaceecuccececceece 2,508,479 2.58 
Cost at icin. Spas gerauisa i ueaes sale eae eee 6.47 | 7.55 6.05 
Drawing...... : eaaueee - P a ee ee ee ate , : | _ a ’ ee we 
Tapa GV eINSA se dacseae prarriscnaneie svar veceeeee 1577 6.65 1.62 
| Cost at yard.........-. Seiauueoeawes a 8.54 14.20 7.67 
Administrative........ccccccecccecccccseceeee | 1,34, PUL 2 ot 
Inventory cost...... “ancaeeeeoes — 9,58 16.92 10.01 
Loading. ......0.leeee ee ee = ge ote” 499 2.07 
yh nee ec ree Liceeeese 06746 .71 
| ‘Total gost per Mc sisted y Sitsos Siena eae 11,32 18.17 12.79 
Sales price at yard............00. iperevelons 1592 16.50 15.50 
‘Average profit per Dt at ineesacens suecuaeeae: 4.60 ~ = Gell 
Average loss per M..... isn histearntahaieve cs ere oe . 1.67 . — 
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ae The Census reports separately certain data for establishments engaged 


primarily in the mamvfacture of a single class-of products. These data with 
respect to the year 1925 may be rearranged to yield the following information: 


oe 
Averages per wage earner 1 


__ oe 1o ed 
| [Value | 


Percentage of total _ 
value represented by 


Product ; 


_ |Wages |added Potal 2/].. ~{Mater- | Overhead 
Horse] per |by manu-;value of | Wages 3/|ials and 
| power|year |facture {product a 1 4 prozit 
Common brick 5.90 1$1,230/$2,130 | $2,960 | 42.1 | 2768 | 50.1 
Face brick 5,60 | 1,245] 2,290 |.. 3,260 38.2 | 30.3 | 31.5 
Architectural terra | 
cotta - 11450 [,1,500}] 3,020 | 3,630 40.8 | 17.9.-| 41.3 — 
Hollow building tile |6.80 | 1,280| 2,410 3,450 37.3 | 30.1 | 326 
Roofing tile 4.52 | 11,4501 3,490 | 4,490 | 32.2 22.4 | 45.4 
Floor,ceramic,mosaic,}1.55 |°"1,140] 2,030 | 2,920 39.1 | 30.3 30.6 
faience, wall tile, ae _ — ee * 
Vitrified brick, etc.|7.04 | 1,180] 2,120 3,230 36.4 | 34.0 29.6 
Drain tile 8.87 | 990] 1,850 | 2,670 | 37.2 ; 30.7 | 32.1 
Sewer pipe 3.56 | 1,270 ) 2 230: | 3,130 | 40.7 | 28.8 30.5 
Fire brick 4,04 |'1,160| 2,220 | 3,340 | 34,9 | 8347 Ble 
Red earthenware: 2.90 |‘1,210| 2,570 | 3,400 | 35.6 | 24.7 | 39.7 _ 
| <4 | a 
Stoneware, etc. 5/ 12.25 | 1,100] 2,080 2,950 37.6 | 29.7 S207 
Whiteware 7.36 | 1,160! 1,700 2,450 47,4 | 30.4 22.2 
Hotel china 1.46 |'1,280] 2,130 | 2,690 | 47.5 | 20.7 | 31.8 
4 of — 
China plumbingfixt. [1.80 | 1,580] 2,470 | 4,000°| 39.4 : 28.3 | 22.8 
Electrical porcelain {1.87 | 1,230] 2,330 4; 3,320 26.6 | 34.0 


i/ Based on average. number employed. . 
2/ Total value less cost of materials. 


3/ Includes amounts paid for contract work. 


4/ Including also cost of fuel, electric power, and mill sunvplies. 


eee 
— 
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That wages form a leading factor in the cost sheets is apparent from 
the foregoing figures, but the actual perc:rtage is far greater than these 
figures show for the reason that under "Ma“:.rials" the Bureau of the Census. 
includes the cost of mining the clay and a it to the plant, a neal 
part of which, of course, is iene , 


CONCLUSIONS 


In the preceding pages mention has been made in several places of the 
fact that the value of a clay deposit is created by the market. A certain 
amount of descriptive mattsr has been presented and some information given as- 
to the adaptability of different clays for specific purposes. A few warnings 
' have been given with respect to various pitfalls in the way of practical opera- 
ting.. It is hoped that many of the suggestions made not only will contribute 
to a bird's eye view of the clay industries but will prove specifically helpful 
to those that contemplate entering such industries and even to those already 
engaged therein. It would be impossible, however, to include within a reason- 
able number of papges a complete recital of all the factors that ought to be 
considered in connection w.th a prospective clay-mining enterprise. Even if 
it were possible to do so, it would still be necessary to include the statement 
that the application of well-known factors to a specific enterprise calls for 
wide practical experience as well as judgment. 


Two points in particular need to be stressed, The first relates to 
market.. With negligible exceptions no deposit can be considered of immediate 
economic worth unless it is within easy reach of a populous territory which 
will readily absorb the output. Ordinary cla: situated far from the railroad 
or even on a railroad but many miles distarit from consuming centers is virtually 
worthless. | 


The second point is that the manufacture of clay products is no busi- 
ness for the amateur. The requisite plant costs too much and the risks of 
adopting the wrong process or of attempting to make a certain product from the 
wrong kind of clay are far too great for one to take unnecessary chances. 
Brickmaking and many other clay~product manufacturing processes appear to be 
quite simple, and it is true that, once started, they often are conducted with 
commercial success by rule-of-thumb methods. Nevertheless, all over the 
country there are idle plants standing as mite monuments to the departed hopes 
of investors who believed that the exploitation of clay deposits could be safely 
undertaken without first securing the disinterested professional advice of 
Widely experienced and wholly competent persons. Almost as deplorable are the 
many plants that, though they manage somehow to keep going, fail to realize the 
full opportunities inherently afforded by the enterprise.. These partial fail- 
ures may be due to careless sampling,.lack of understanding of the size and 
nature of the deposit, or to inexpert planninz generally. All phases of the 
Situation must be analyzed and properly coordinated.. It-is not enough to carry 
out the field examination properly, to conduct exhaustive laboratory tests, or 
to make a complete market analysis of the prospective sales territory; all three 
of these lines of investigation must be properly coordinated and then a suit- 
able plant must be built.. Finally, after covering the cost of the plant 


6121 ~ Sl. 


Inf .Cir.No. 6155. _. 


sufficient ‘additional capital. mst be provided to finance the early stages of 
operation. Even the best-planned enterprise is beset with numerous difficulties 
while-its labor force is being. trained and while its operating | routine is + 
being perfected. Salés” resistance likewise is usually at a maxima when the. 
untried produtt of a new plant ia being introduced.’ 
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